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Preface 


This is a third revision of this work on Systems, Circuits, and 
Construction of electronics and physical devices to be used in radio- 
control systems. It is an update of the material previously contained, 
the addition of new information and ideas and construction hints 
which are appropriate to the advancing technology of our most 
fascinating hobby. 

This book 1s for the more experienced radio-electronics fan, yet 
we do have some projects in it which will appeal to the beginners as 
well as the most advanced old timers. And for those who are 
computer buffs we have some digital ideas and systems which will 
make interesting reading and study during your evening hours, if 
that is when you, like ourselves, like to sit back and read and study 
and examine intellectually challenging concepts. 

We need to give you some explanations here. There are so 
many current transistors and integrated circuits that we just cannot 
list all types applicable to the circuits presented. Therefore we direct 
your attention to the many fine substitution manuals available from 
radio-parts stores for information in this regard. You may find that 
voltages might have to be adjusted slightly to fit the requirements of 
some integrated circuits, which certainly might be used in substitu- 
tion for some circuits presented, so be careful of this. Relays are 
available in various current operating values from such stores as 
Radio Shack, or hobby houses and R/C parts suppliers, although 
many radio-control supply houses such as Ace R/C no longer stock 


relays as so much modern equipment works directly from the trans- 
istor output. 

That a transistor 1s a relay type device is well known. It can be 
biased to cutoff and then caused to draw quite a bit of current when a 
signal is fed to it. A relay does just this also. So you will see 
transistors used as motor-driving devices, and servo-powering units 
as well as relays, and aside from the smallness and lightness, the 
operation of the two are quite similar. That means that sometimes 
you can substitute a relay for a transistor to get a circuit to work, and 
vice versa. 

In this revision we will keep all that is appropriate and good and 
useable and try to delete that which is obsolete or too large or too 
bulky or for which parts are no longer available. Of course, we may 
mention some obsolete items as a matter of interest, as these do 
have a fine fascination and do bring back memories to those of us who 
are Old Timers in the radio-control field. 

We have stated in other works (lying Model Airplanes and 
Helicopters by Radio Control, TAB No. 825) that we believe that in 
SO many cases It Is better to buy a kit and build from that rather than 
to try to assemble all the parts required for a system and build that 
way. Kits have good instructions and if you are careful, you can get 
magnificent results from the building of a kit. But in this work we feel 
that there may be areas where original experimentation 1s one of the 
objectives of putting together radio-control systems of various 
kinds. And soit is to that end we think that the information presented 
herein is very useful. Of course to those of you who just like to “build 
the whole thing,” model, control system and all, we say that is one of 
the most rewarding experiences of all. To see something you have 
completely worked out and put together operate as it should gives 
one real satisfaction and pleasure. 

But it takes a little more knowledge and patience and willing- 
ness to work at it to get a system completely operating the way you 
want it to. So there are some who want to fly, or sail, or race models 
who want to get the control system operating and behind them as 
soon as possible. They might want to buy a kit or a completed 
system from the store. They have much fun and pleasure also 
concentrating on the models rather than the R/C end of the system. 
For these, reading of this work will give insight and understanding 
and perhaps provide a little more out of the systems than before. We 
earnestly hope this will be the case. 

We are reminded of a recent experience we had with a fine 
hobby enthusiast whose passion is sailboats, and what beautiful 
models they are. He didn’t want to spend the time with the radio 


equipment but instead he wanted more time with the model. So he 
bought a completed three-channel system to use from Heath Com- 
pany. It worked out just fine. But then he found that in sailing he 
wanted the trimming of the sails to be a little different that was 
possible with the original equipment. So he set out to modify it 
somewhat in its servo operation. He needed the background infor- 
mation and experience of the kind we present here and in our book 
Model Radio Control, TAB No. 74, and he got it. He made the 
changes to the servos and got the system to do just what he wanted 
it to do. And he began to enjoy his hobby even more because he put 
some of his own ideas and inventions into it. You might want to do the 
same. So knowledge such as presented here could be invaluable to 
you. 

We hope you will accept this revision as you have accepted our 
other books, and we thank you very much for your consideration of 
our past efforts. To those of you we have met before in our written 
pages, its always nice to meet you again. And to those we have not as 
yet met in our wnitings, hello, and thank you for looking into this 
volume. Our thanks to all those who have contnbuted to our know- 
ledge and understanding of radio control and to the multitude of 
friends we have made at flying fields, in clubs, at the bayshore, at the 
model-car race tracks, and elsewhere. May your equipment and 
models always perform the way you want them to. 


Edward L. Safford Jr. 








ri ote ae ae 
acre cies shh 










7 f 
‘. @ y s ae 


oF Ree ol Sati fad cf aie ie he) 

ot gpidege sites fate wee? st. * a Y : on oh 
ee ieee ees ea ot 4 ie, sy rs phe faa. 
sti He FIED CS “ery tana ® pay sath ae ene ~ 

ubastineyis tay ate hye et 18] ea car's Rito oe 

yn ee ‘iste Gave iat ie ns he sari ee : 




















f © iad } 7 oe 2 ww 7 ) \» < » 
o¢ ' or: 2 ’ 7 1g Pinte ne! ® a ry =o | 
5 7 f q 
4 bee 
bag pha « 
‘oe 
7 a | : 
; “i: ots 
‘Vs DOr 
, af 
‘ * 
yori? a tang 
el ry . 
n° (a Tiel vi & MSs. fs 


PE AE we OT. Ons ( 


nrc: } 
. ae , a >i ~~ wien onyf - 
' ‘2 4 ry i. ( a}: > ‘a . 











Contents 


] How Radio Control Systems Work ............:ccccsssssssscscssseeeeseees 11 

First Requirements for Radio Control—The Simplest Command 
Signat—The Simplest Proportional-Control System with Mechani- 
cal Decoding—Simplest Two-Channel Proportional Command 
Signat—Fail-Safe Circuit for Pulsing Systems—Electronic Decod- 
ing of Pulse-Width Pulse-Space Code—The Servo Amplifier— 
Multiple Continuous Tones and Filter Systems—The Integrated- 
Circuit Tone Filter—The Resonant-Reed Filter—Varying Tone- 
Command System—Tone-Sequence Transmission—How A Digi- 
tal System Works—Some Digital Concepts 


2 Modern Digital Radio Control Systems...............cccssseeceessseeees 99 
The Kraft Radio Control System—The Heathkit Digital Radio 
Control System—The Ace R/C Digital System—The Binary Code 
As A Control Code—Summary 


3 cee | on 91 
Transistor Oscillator Circuits—Superregenerative Detector 
Circuit—The Audio-Superhet Receiver—The Superheterodyne 
Receiver—Modulation Methods with Transistors—Audio 
Amplifiers—Some Tone-Generating Circuits—Some Electronic 
Pulser Circuits—A Motor Noise Filter—Some Converter 
Circuits—Transistors and ICs Applicable to R/C 


4 Tools, Testing, and SOIMErING.............ccccscccsseeccsssereensseceeeees 129 
soldering—Substitutions for Transistors—Test Instruments— 
Printed-Circuit Soldering Techniques 


5 Build a Simple Short-Range R/C System...........ccccssesseeseseees 140 


The Home System—Commercial Units 


TranStstor TraRSWitl@rG viacssicceccarwerseccsscasncsessaacescetenereoeraest. 144 
Tuning Up—The Tone Section—The Antenna—A Second Ver- 

sion of the Transistor Transmitter—Transmitter Circuits—Two 
Multistage Transmitters—A Transmitter with a Width Control Tone 

Pulser 


Radio-Control RECeIVETS.............cccceccsccecceccecceccnscuseusseusaeeaes 169 
The Superregenerative Receiver—The Superheterodyne 
—Receiver Construction—Installation 


Servos—the Muscles of the System ..............cccccseccsesseeeeeees 180 


Servo Operation—Servo Circuit—Constructing a More Elaborate 
Servo—Relays 


PCG RMN soc c sauces padi cemesecajeamgugg sand arms canne omenaec arava 200 
Rules of Thumb About Aircraft—Building the Model—Radio 
Installation—Adjustment and Testing 


Radio Control of Model Cars .................:cccsscscsssssessssenceceeeees 218 
Car Kits—A Basic Model Car System—A Second System for 

Model Cars—A System Using A Steering Servo—The Modern 

Racing Car 


Radio Control of Model Boats................cccccccsecscccsccesccecececes 228 


Equipment and !nstallations—Racing Boats 


An Eadgly Digital R76 Sy SOMO os sy ance -aseesgenh c+ <0 sss snep sant omen 244 


How Radio 
Control Systems Work 





A manual on radio control should list and discuss each type of 
radio-control system in use. So this first chapter is devoted to an 
explanation of the various types of radio-control systems and how 
they work. 

Model radio control means sending signals to a model by radio, 
and, by properly selecting these signals, being able to steer the 
model, change speeds, operate brakes, light, winches, flaps, bomb 
releases and a variety of other functions or accessories on the 
model. Model radio control means being able to do these things from a 
distance, and without wires. 

Radio-controlled models are for the most part model airplanes 
of every size and description, including gliders, but there are also 
many model enthusiasts who radio-control model tanks, model cars 
for racing or sport driving, and model boats. The boats may be 
electric-powered, sail-powered (and aren’t they beautiful?) and 
model glow-plug-motor racing boats. Unusual models offer the 
model enthusiast a real challenge. 

Shown in Fig. 1-1 is a model sailboat. It is about 6 feet in length, 
and the sailis about 5-feet high. The rudder, jib, and mainsail can all 
be adjusted by radio signals, and you really have to know your marine 
principles to sail her smoothly and successfully, as shown here. 

The Federal Communications Commission has allocated some 
spot frequencies in three bands which can be used for radio control. 
The bands are from 26. 995 to 27.255 MHz, A 49 MHz spot for a Part 
15 of the FCC regulations operation, which says that the transmitter 
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Fig. 1-1. A radio controlled sailboat. 


must be under 100 milliwatts output power and where many of the 
toys which use radio control are operated, a band from 51.200 to 
53.500 MHz which required an amateur license, and a band from 
72.080 to 75.640 MHz. 

Some of these spot frequencies are shared with other kinds of 
public operations. For example, the CBers operate on 27.255 MHz 
also, and at the highest band there are some frequencies restricted 
to model-airplane operation only. We call your attention to Table 1-1 
to give you the exact frequency allocation situation as of this writing. 

It was explained to me at a model-car race track that there is 
some interference from CBers at times but mostly only when the 
CBers use linear amplifiers for high-power operation. Of course this 
is illegal, but some do it. But ordinarily the cars race under full and 
complete control of their drivers. Airplanes, of course, cannot toler- 
ate interference because that could mean a disaster, so they mostly 
operate at the 50- or 72-MHz frequencies. 

The power input for class C stations is 25 watts at 27.255 MHz, 
and from 26.995 to 27.197 is 4 watts, while at 72 to 75 MHz the 
power output is 0.75 watt. Frequency tolerances are 0.005%. 
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Now let us examine some requirements for radio control and 
bear in mind that eventually there may be spot frequencies in the 
higher range useable for the R/C operation that we will discuss in 
this work. At the higher frequencies the directivity will be better; 
this could mean less interference, but ranges might be less unless 
more power is used, and there is always a chance the model might 
get away if the range is too far and the directivity too great, and you 
cannot easily keep the model airplane or boat on the beam. 

We will examine a very basic diagram to show you what is 
required in a radio-control system and we will try to give you some 
basic of the control operation. Later on in this work we will indicate 
some simple experimental control systems you might make from a 
small broadcast receiver and a wireless microphone transmitter 
available as a kit from Radio Shack; or you might use a small walkie 
talkie which has a button for some kind of tone (it may not be nice and 


Table 1-1. Radio-Control Frequency Allocations 





For remote control of 
objects or devices, or 
remote activation of 
devices which are used 


solely for attracting 
attention, if they cause 
no interference. 





(May use ne - or Regenerative Receivers) 


Light Blue & Black 
Violet & Black 
Brown & Black 
Red & Black 
Orange & Black 
Yellow & Black 
Green & Black 


 ieceindalieeies 1 type 
receivers may operate on 
51.200 and 52.040 MHz. 





Any Hobby Device (Vehicle) Model Aircraft Only 


Light Blue & White | Brown & White 

Violet & White Red & White 

Yellow & White Orange & White 
Green & White 


Model Race cars use mostly the 27 MHz spots for racing. This Is 
because they like to race up to six cars at a time. 
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RADIO- CONTROL 
FREQUENCIES 


26.995 MHz 
27.045 
27.095 
27.145 
ef. 255 


Veale® 
P2120 
72.40 
72.96 
75.64 


6- ANDO 
2-METER 
AMATEUR 
1BANDS 










(PHONES 
FOR TONE 
MONITORING). 
SCOPE USED 
FOR PULSES. 





TRANSMITTER 
(RF AND 
MODUL ATOR) 


RECEIVER 
RF DETECTOR 
AF AMPLIFIER 


AP |S, 





SIGNAL 
SWITCH 





b 







TONE—OR PULSE TONE AND/OR 


PULSE 
| 
oo SEPARATION 
(DECODER) 


TO SERVOS OR 


HANISMS 
CONTROL KNOBS-LEVERS ACTUATING MEC S 


MAY BE USED IN PLACE 
OF THE SIGNAL SWITCH. 


Fig. 1-2. The basic communications link in radio control. The receiver is con- 
nected to various motors and other devices which produce mechanical motion. 


clear but will buzz loudly) transmission. Adding a relay output can 
give you the basics of an R/C system. Also, of course, there are 
many toys now available which use radio control for their operation, 
although the functions may be limited. You might get one of these 
and elaborate on the amount of control you can get over the model. 
We hope to show you in later pages how to get more controls. 


FIRST REQUIREMENTS FOR RADIO CONTROL 


The first requirement for radio control is a transmitter and 
receiver capable of sending and receiving tone signals—one or 
many, constant or pulsed or changing in frequency —over the dis- 
tance that the model will be required to operate. This communica- 
tions link should be as nearly 100% reliable as possible, as immune to 
extraneous signals as possible, lightweight, small, and as economical 
of battery power as possible. 
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The tones transmitted are the commands to the model, and 
changes in these tones (either a change in the tone itself, perhaps 
frequency, or a change in its width and spacing, or even a change in 
the sequence in which it is transmitted) can represent specific 
commands. Also the carner itself may be pulsed at some rate or in 
some specific coded manner so that it produces what is commonly 
called a digital-code signal which can cause mechanisms in the model 
to perform different functions. We examine in Fig. 1-3 a push button 
which can be used to send a code manually to the model. 

And we see in Fig. 1-4 a later type of transmitter which sends 
out tones using a pulse-width/pulse-spacing code to operate the 
actuating mechanism shown just behind the tiny superheterodyne 
receiver. The unit 1s available from Ace R/C. 

In the tone systems the receiver must be capable of separating 
the tones or recognizing the types of tone pulses and then causing 
various mechanical devices, such as small electric motors, to oper- 
ate when a specific tone or tone pulse width or rate is received. 





Fig. 1-3. Operating the signal switch on an R/C transmitter. 


We mentioned that the carner might be pulsed. That is the 
basis for the most modern R/C systems to date. Figure 1-5 shows 
one such system made by EK-Logictrol. Note that the receiver is 
packaged together with some of the servo mechanisms, the larger 
units directly in front of the transmitters. 

The battery package is on the extreme right below the trans- 
mitter and in the center, lower row. How nice and neat the current 
packages are. Notice the difference in the two transmitter controls; 
the right one has a rotating knob, such as you might want to use with 
a model race car or boat. The left transmitter has two lever controls 
for rudder and elevator and aileron and motor control of a model 
aircraft. There are called little-red-brick (LRB) systems because of 
the packaging used. 


THE SIMPLEST COMMAND SIGNAL 


To understand how commands are sent to the model, consider 
first the method used when the commands are represented by a 
single tone which is turned off and on in some specific manner. We 
might say the tone is “interrupted,” which is simply a way of saying 
that we can turn the tone-transmit switch on and off quickly. A 
switch on the transmitter is used to send these commands. We shall 
refer to it from now on as the SIGNAL SWITCH to distinguish it 
from the normal transmitter on-off switch. Fig. 1-2 shows the 
location of this switch in a block diagram of the transmitter. 

The receiver operates very much like a regular broadcast 
receiver in that it will reproduce the tone as its output whenever the 
tone-modulated carrier is received, and there is no output other- 
wise. The simplest command signal is simply TONE-ON to cause 
the model to steer right, TONE-OFF for straight ahead or neutral 
steering, and TONE-ON a second time to give left steering. You 
press the SIGNAL-SWITCH button with your thumb to send these 
commands. If you push the button down to steer the model nght and 
its starts to turn left, you simply let up on the pushbutton and press it 
down a second time, holding it for as long as required to make the 
model turn as much as you want it to. Figure 1-3 shows the opera- 
tion. 

To understand what takes place in the model when you send 
this tone, examine Figs. 1-6 and 1-7. 

Figure 1-8 shows how to construct a motor-driven escape- 
ment. If you trace the circuit, you will see that when the relay 
armature 1s in the de energized position (labeled NC, for normally 
closed) there 1s a connection from the negative side of the battery 
(—) to the metal-surface-board and also to tabs 2 and 3. Since the 
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Fig. 1-5. Modern Digital RF pulse systems. (Courtesy EK-LOGICTROL 


wiper arm is connected through the motor shaft to one side of the 
drive motor, and the other side of the drive motor is connected 
directly to the positive ( + ) side of the battery, the motor will run 
until the wiper is on tab 1, where the circuit is broken. This is the 
neutral position of the rudder. So you see that when no command 
signal is sent, the rudder automatically neutralizes itself. When the 
relay is energized and held that way by sending a tone continuously, 
tap 1 is connected to the battery and tabs 2 and 3 are disconnected. 
Since the metal plate is always connected to the battery, the motor 
will now run until the wiper reaches tab 2, where it will stop. This is 


BUTTON 


TONE 
AMPLITUDE a Gere 


BUTTON 
DEPRESSED 





Fig. 1-6. The graph illustrates tone pulses produced by operating the signal 
Switch. 
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Fig. 1-8. A motor driven escapement. 


left rudder. Momentarily we stop sending the tone and then send it 
again. This allows the wiper to move from tab 2 onto the metal plate 


and the motor will drive it until 1t reaches tab 3, where again it will 
stop. This is right rudder. Thus, with the proper tone commands, 
the rudder can be positioned left or right and the arm will automati- 
cally return to neutral when no tone Is received. 

You must realize that with this type of control the steering 
wheel or rudder is always deflected to its maximum position, either 
left or right, each time a tone is received. To steer the model in a 
gradual turn, don’t hold the rudder too long in one postion, but rather 
hold it for a short time, release it, then position it in the same 
direction again for a short time. The model then executes a series of 
short turns which when put together make a large gradual turn as 
shown in Fig. 1-9. 
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RUDDER DEFLECTED RIGHT 


MOMENTARILY AT THESE POINTS 


R/C TRANSMITTER 





Fig. 1-9. The concept of a gradual turn by controlling the time that the rudder is 
deflected to its maximum position. 


You will also realize after a moment’s thought that to repeat a 
command with this system you must release the tone button, de- 
press it and release 1t quickly and then depress it and hold it down. 
The first time you depress, the signal switch would give left, the 
second time nght, and the third time would be left again. So, to 
repeat a command you must release, depress, release and depress 
and hold. With a little practice this becomes automatic. It is the same 
sequence used with an escapement of the single arm type shown in 
Fig. 1-7. 


THE SIMPLEST PROPORTIONAL-CONTROL 
SYSTEM WITH MECHANICAL DECODING 


Proportional control means deflecting the rudder a small 
amount for a gradual turn and a large amount for a fast or sharp turn. 
The steering is accomplished by making a signal switch such that 
rudder movement is directly proportional to a small deflection of a 
lever or steering wheel. It is now necessary to vary the duration of 
the transmitted tone and to make the tone pulses automatically and 
continuously for as long as the button is down. If the time that the 
tone is transmitted is longer than the time the tone 1s off, then the 
model will be steered left. The maximum left occurs when the tone 1s 
on steadily. If the time the tone is off is longer than the time it is on, 
the model will be steered right. Maximum night results from no tone. 
Notice how this differs from the previous method where “no tone” 
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was neutral. In this system, neutral or straight-ahead steering oc- 
curs when the time length of the tone is the same as the time length 
between tones. Figure 1-10 graphs the idea. 


This code is used in the Ace R/C pulse Commander system, 
which uses a magnetic actuator, such as shown in Fig. 1-12. It canbe 
obtained from Ace R/C (Fig. 1-13). 

The installation of a pulse-width/pulse-spacing system in a 
small model aircraft is shown in Figs. 1-14 and 1-15. 

Notice that this is all there is to it. Three items make up an 
airplane installation, not counting the off-on switch. Of course you 
have to be willing to put up with the “nervous twitching” of the 
rudder as it moves continuously back and forth. To see how it causes 
turns refer again to Fig. 1-10. And, for the system, see Fig. 1-4, 
available from Ace R/C. 

In summary, then, for this kind of code, an electric motor or 
magnetic acutator is so connected that it wants to turn in one 
direction when a tone or signal is received, and in the opposite 
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Fig. 1-10. Neutral is equal pulses and spacing. In the receiver, an electronic 
“fail-safe” circuit disconnects the steering controls if there is a system failure. 
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Fig. 1-11. The basic pulse-width, pulse-spacing decoder (a). If the spring is 
weak, the motor rotates the output shaft in one direction on no-tone, and in the 
opposite direction on full-tone. If an arm is geared to the output shaft it can be 
made to move back and forth with this rotation to position a model-aircraft 
elevator. One might also put switches at the limits and let these operate an 


elevator positioning servo. A suggested transmitter-pulsing circuit for this de- 
coder is shown at (b). 


direction with no tone. A centering spring on the motor keeps the 
shaft at neutral when equal pulse-width-pulse spacing commands are 
received. Mechanical stops are often included to prevent the rudder 
or steering wheels from turning too far, or the motor shaft may be 
allowed to rotate completely, cycling the steering element and giving 
straight-ahead steering if the rotation is fast enough. Figure 1-lla 
lustrates the arrangement. 

Two circuits for transistor servos of this type for use with 
relayless receivers are shown in Fig. 1-12. Notice that although the 
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relay is not required, the arrangement of the motor or actuator 1s the 
same as in Fig. 1-1la. 


SIMPLEST TWO-CHANNEL PROPORTIONAL COMMAND SIGNAL 


The command signal of the previous section can be modified 
easily to obtain a second proportional channel. Normally this would 
be used to control the model aircraft’s elevator. Now the elevator 
and rudder can be moved simultaneously so that you can steer left or 
right and up or down at the same time. The modification merely calls 
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Fig. 1-12. Circuits to operate the servomotor from a relayless receiver. The 
circuit at (a) is more sensitive. 
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Fig. 1-13. The Adams pulse width-spacing actuator (ACE R/C). 


for increasing the rate at which the variable-width pulses are trans- 
mitted, as shown in Fig. 1-16. Hinges must be free; see Fig. 1-19. 

In the model, an auxiliary circuit may be connected to the 
receiver output to cause a relay to close when it receives a fast pulse 
rate. This auxiliary relay will not close on a slow or “normal” pulse 
rate. Figure 1-17 shows two circuits for this. Increasing the pulse 
rate does not necessarily affect the steering, as long as the width- 
Spacing ratio of the pulses remains unchanged. 

To obtain proportional elevator control we use the fact that the 
steering-motor decoder crank will deflect less on a fast pulse rate 
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Fig. 1-14. The Adams actuator installed in a mode! aircraft. 
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Fig. 1-15. The receiver and battery holder for the pulse width 
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than it will on a slow pulse rate. With a special yoke connected to the 
elevator, the elevator can be deflected to a full-up position by 
decreasing the pulse rate to minimum. A fast pulse rate would keep 
the elevator full down (Fig. 1-18). 

Thus, as we vary the pulse rate we obtain varying elevator 
deflection, either up or down. Which one you use depends upon how 
you want to fly and on the power available. You might want up- 
elevator for loops and fast takeoffs from the runway. You might 
choose down-elevator if you plan to dive-bomb targets, and let the 
model loop with its normal-climb adjustment and neutral elevator as 
it comes out of its high-speed dive. That’s useful, too, if you want to 
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Fig. 1-17. Two pulse-rate decoding circuits. 
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bring the model down low for touch-and-go landings without chang- 
ing motor speed. You still have to steer by varying pulse width no 
matter what vate you are using. 

But the rudder must flop easily in this kind of system. Do not 
use the hinge arrangement shown in Fig. 1-19, which is used with 
servos and has some advantage in that it tends to keep the rudder at 
neutral in those systems. Due to constant motion, strong, free, 
hinges are anecessity in the tone-pulsed systems we are examining. 

Figure 1-20 shows how to construct a simple mechanical coder 
to vary pulse width and pulse rate. 


FAIL-SAFE CIRCUIT FOR PULSING SYSTEMS 


Because an absence of the tone signal in the previous systems 
can mean a full rudder deflection and/or elevator deflection, most 
such systems use a circuit to disconnect the battery power in case 
the pulsing stops for a certain length of time. Such a circuit is called a 
fail-safe circuit because in case of failure the model goes straight and 
does not crash-dive because of locked controls. Such a circuit is 
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Fig. 1-20. Mechanical pulse-width-rate coder. 
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Fig. 1-21. A fail safe circuit for models using pulse commands. Electronic 
decoding for pulse width—spacing systems. 
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Fig. 1-22. A circuit to explain how currents in the electronic pulse decoder 
produce voltages. 
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shown in Fig. 1-21. The power to the rudder-elevator steering 
motor is connected through the normally-open relay contact. If 
pulsing stops, the relay opens and disconnects the circuit, and the 
Spring and wind forces restore the rudder and elevator to neutral. 


ELECTRONIC DECODING OF PULSE-WIDTH PULSE SPACE CODE 


Credit for originating this method of decoding pulse-width and 
pulse-rate commands goes to Dr. Walter Goode and Gerald Herzog. 
Others have advanced the basicideas. The circuit of Fig. 1-22 shows 
how two currents, I1 and [2, due to voltages on capacitors Cl and 
C2, can change the conduction level of the input transistor Q1. 

Capacitors Cl and C2 are charged by voltage pulses through 
diode pairs as shown in Figs. 1-23 and 1-24. 

Figure 1-23 is a decoder that compares the peak pulse 
amplitude in the lower half of the input circuit against a voltage 
proportional to the vate at which the pulses are received. This upper 
circuit 1s called a pulse counter and its voltage output 1s proportional 
to the number of pulses received per second. 

Figure 1-24 is a decoder that gives an output based on compar- 
ing the width of each pulse (represented by a positive voltage) 
against the spacing of pulses (represented by a negative voltage). 
Notice capacitors Cl and C2 in each circuit. 

Use of these circuits allows radio control with pulse-width 
variation and pulse-rate variation, but at a higher frequency than 
used for the mechanical decoders. The average pulse rate for this 
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Fig. 1-23. The actual circuitry of a pulse-rate decoder. 2N109 = RS276-2003. 
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Fig. 1-24. The actual circuitry of a pulse-width pulse-spacing (symmetry) de- 
coder. 


system is around 525 pulses per second, but, as we pointed out 
previously, we can still vary the width of the pulses at this frequency 
and get rudder steering. Examine the circuit in Fig. 1-25. 

In this circuit, part A is normally in the receiver. It 1s shown 
here because it performs a very important function: changing the 
tone signals into positive and negative pulses. Q2 and Q3 and the 
batteries form a balanced bridge. When there 1s no tone input, Q1 
does not conduct much so there 1s a high negative voltage to the base 
of Q2. Q2 conducts heavily and the output at the center, between the 
two transistors, 1s negative to the center-tap of the 4.5-volt bat- 
teries, which is ground. When there 1s a tone input to Q1 it conducts 
heavily, reducing the negative voltage to the base of Q2, so Q2 
presents a high impedance from collector to emitter. At this time Q3 
looks like a low impedance across its terminals so the common point 
between Q2 and Q3 is now positive to the battery-common point or 
ground. In this way the output between Q2 and Q3 can be positive or 
negative, depending on whether a tone 1s being received or not. 

When these positive and negative pulses, whose widths can 
vary (because the tone-on, tone-off time can be varied at the trans- 
mitter) are presented to the width detector, this circuit produces an 
output voltage proportional to the width of the positive pulse via one 


S2 


‘JOJOWONUBJOd YORGNSd} By] HUIMOYUS UONIES JAI GWEOAIAS Pa|dnod-jOaJIp & O} ndul jeoId A} e SIG ed puke ‘S1apod ep AQUaNbDS|lj Puke YIPIM 9} Qe 


7) pue g ed ‘J9A19090 84] JO Wed eB AjjeWWOU SI Wed ‘SUOI]IDaS INO}J OJU! UBYOI SI NOJIO SU] “YaPOOSP aje1-esind/u]pIM-asjnd D1UdIIa|a UY “GZ-|} ‘Bis oS 
Jew 
ASZ2 
4*ol 622NI 29 
6LeNI HOV3 
47 
NOG = = zs 
| L¥O 130 1002-922 MOVHS OIGVY = Zr9Ne 
ASe I> €002-9Z2 MOVHS OIdVY = 6OLNZ 
SVE ey 6LENI ASI 31Vu 
ui 6LeNI | 4%02 
OAN3S YOLVAR 13 489 , yos9 
ONV ZON IdWV 
33/0 OL 
NOWWOO q 
Pr Lyd 130 
AS2 HLOIM 
6LeNI 
ID. avo ) 
AGI 
6L2enNI | 4702 
OAN3S Y300NY 48'9 a. vos9 
ONV [ON TdWV 
4A10 OL AG| 


6LZNI 4702 
4ea°9 2 


622NI 





pair of diodes, and another output proportional to the width of the 
negative pulse via the second pair of diodes. The output voltages are 
plus and minus, correspondingly. 

These plus and minus voltages are added together at the detec- 
tor output so that capacitor Cl has a voltage across it proportional to 
the difference in the pulse-width-pulse-spacing. So the pulse-width- 
Spacing commands have been converted into a DC voltage whose 
polarity change from a reference level specifies the direction of 
rudder (or elevator) movement, and whose magnitude of change 
specifies the amount of rudder (or elevator) movement. 

This voltage by itself caanot operate the servomotor, so we use 
a differential amplifier (Fig. 1-26). This amplifier does two things: 
First it amplifies the DC voltage from the detector and gives a large 
DC voltage output capable of running the motor, and second, it 
receives a feedback from the rudder servoarm potentiometer (R). 
This voltage balances the input voltage when the arm has moved the 
desired amount, stopping the arm in the commanded position. Note 
that when the command signal stops, this feedback voltage then 
becomes the only input to the differential amplifier and thus causes 
the servoarm to return to neutral. 

Section C shows the frequency (or pulse-rate) decoder for this 
circuit. It is identical to the width-spacing decoder except that the 
capacitor C2 consists of four 0.1-uF sections to a total of 0.4 wk 
instead of the 20 wF used in the width-space decoder section. This 
change makes the circuit frequency-selective. Here, it produces a 
small output voltage for low-pulse rates, below about 525 pulses per 
second, anda larger output than its opposite circuit for pulses above 
this value. Its output is compared to the output of the upper branch. 
The output of the whole circuit is either a plus or minus voltage 
depending upon the magnitude and direction of the pulse-rvate varia- 
tion from the normal transmitted frequency of 525 pulses per sec- 
ond. 

The circuit has been used successfully, but when no signal at all 
is being received, noise can make the highly sensitive circuits pro- 
duce an output large enough to drive the servos to their extremes of 
travel. If this circuit is used, a fail-safe circuit should be built in as 
before. 

The on-the-ground portion of this system is shown in Fig. 1-27. 

The circuit consists of a blocking-oscillator pulse-generating 
circuit witha frequency-control potentiometer. This circuit activates 
an amplifer with a variable time constant, so that the width of the 
pulses can be varied. The output of the circuit connects directly to 
the modulator of a transmitter. Notice the trim adjustments, used to 
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keep the control stick (a lever attached to the shaft of the frequency 
control) centered for straight flying. These trim pots can compen- 
sate for drift pulse rates caused by changes in the transistors’ 
conduction. 


THE SERVO AMPLIFIER 


The servo amplifier that would be used with the preceeding 
circuits would be a direct connected type such as a Darlington or an 
operational amplifier, available as an integrated circuit in most parts 
stores. It might also be a comparison amplifier, which compares the 
input to the feedback signal from a potentiometer. This amplifier 
then would drive PNP and NPN transistors, which in driving the 
motor causes it to reverse directions. See Fig. 1-28. 

If the operational amplifier is capable of both a positive and 
negative output, then these two outputs specify direction of motor 
rotation by energizing the proper transistors. We will discuss more 
about servo systems a little later on. You might adapt one of these 
servo-amplifier systems to work with the circuits just presented. 


MULTIPLE CONTINUOUS TONES AND FILTER SYSTEMS 


You can transmit more than one tone. Two, four or even eight 
tones may be transmitted separately or simultaneously. In this case 
each tone represents a command. These tones may be generated by 
simple oscillator circuits and combined (through resistance net- 
works to minimize interaction) as shown in Fig. 1-29. 

The output of the tone section is fed to the transmitter mod- 
ulator (See modulation methods for transistor transmitters in Chap- 
ter 2). In the receiver, the tones are fed to a series of filters 
composed of inductances, which separate the tones and cause diffe- 
rent relays to close, or transistors to conduct as each different tone 
is received. Thus one tone is left, asecondis right, a third tone is up, 
ie. 

The closing of the velay (or conduction in the transistor) when a 
tone 1s received causes a servomotor to deflect a control surface to 
its limit if the tone is sent continuously. Thus one has to beep the 
tone (by tapping the button rapidly several times) to get gradual 
steering. Self-neutralizing servos are used for rudder, nonneutraliz- 
ing or neutralizing servos are used for elevator. Figure 1-30 shows a 
circuit for a two-tone LC filter decoder operating two relays, which 
could give left-right steering. 

The LC-filter type of decoder has fallen in popularity over the 
past several years because these filters are quite broad in response 
compared to other decoders. If one considers sending six tones for 
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Fig. 1-28. A possible direct drive amplifier fora PM motor. Q1 and Q2 are biased 
so motor will not run unless a + or — signal is presented to bases, you must 
experiment with this kind of circuit. 


commands of up, down, left, mght, motor fast and motor slow, the 
frequency band required would probably be from 300 Hz to about 
6,000 Hz—tones at 300, 550, 1,000, 1,400, 2,500 and 6,000 Hz. Itis 
possible to narrow this tone separation by incorporating more elabo- 
rate filters than the ones shown. So the use of tone filters for all 
commands Is not too popular—now. However, this is a very reliable 
System. 

One variation of this 1dea7zs interesting. That is to use, say, two 
tones and two filters and pulse each tone with the pulse-width 
pulse-spacing idea. Thus you get proportional control over four 
functions. These functions could be the rudder, elevator, ailerons 
and motor of a model aircraft. You might even control all four 
simultaneously with this idea. 

Two tones allow adequate band separation with simple filters 
(as in Fig. 1-30) so that no interference or béat problem occurs 
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Fig. 1-30. A typical L-C filter decoder circuit for two tones. The inductances 
should have a low DC resistance. More filters can be used for more channels. L 
and C tune to the desired tone frequency. 


between the tones. A beat, recall, is the sum or difference between 
two tones or their harmonics. 


THE INTEGRATED-CIRCUIT TONE FILTER 


A method of providing tone filters using integrated circuits 1s 
one possibility to update of this method of sending commands. 
Figure 1-31 shows active filters designed around the 741 amplifier 
which “passes” around 1400 and 850 Hertz and not much else. The 
values of R and Ci and Cz determine the bandpass and might be 
adjusted experimentally for other frequencies. he units overall are 
small and adaptable to modern control devices. One filter 1s required 
for each tone command. 

A possible relay amplifier is shown at (c). 

With the modern integrated circuits you will find that an exami- 
nation of them will reveal possibly other methods of making small, 
compact, and very effective tone filters, which you might use as 
decoders for tone-control operations such as the 567IC. We encour- 
age such examinations and research. 
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Fig. 1-31. Active IC tone filters. 
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THE RESONANT-REED FILTER 


In a harmonica many tiny reeds vibrate to produce various 
notes. The same idea can be applied to a vibrating reed decoder 
using a magnetic coil, like that of an earphone, to furnish a varying 
magnetic field to vibrate a spring steel (very thin and relatively short) 
reeds. If contacts are placed so that when these reeds vibrate they 
touch the contact at the extreme of their vibrating movement, you 
have the basics for a reed decoder. These used to be popular and 
were available commercially. They are no longer available and are 
considered obsolete as a decoding method because they have a very 
narrow bandpass—on the order of 3 to 4Hz; they also make only 
intermittent contact on each vibration are somewhat heavy, and the 
audio band 1s not large enough for wide ranges of operation. But they 
are interesting, and so we include mention of them. If one made such 
a decoder and used it to supply control voltage to a transistor bank, a 
lot of previous troubles would be eliminated, and certainly, this 
device would give good, tight tone separation. It used to be that 
tones of 200, 250, 300, 350, etc. Hz could be used without interfer- 
ence, except from harmonics or beats. We show a circuit used with 
such a decoder in Fig. 1-32. You might use this circuit with other 
switching devices, replacing the reeds. 
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Fig. 1-32. Basic reed-operated servo system. Close 1 for clockwise rotation with 
tone 1, close 2 for counterclockwise rotation with tone 2. 
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Fig. 1-33. A typical tone discriminator circuit. Other tone separation filters may 


precede the discriminator. 


Or, you might adapt the transistor motor-control part of this 
circuit to operate as the servo amplifier of Fig. 1-28. It would be 
worth the experimentation to see what you could come up with. 


VARYING-TONE COMMAND SYSTEM 


As another approach to control, we might change the frequency 
of a tone above and below some neutral frequency, as in the pulse- 
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rate system, to obtain proportional control. This is done with dis- 
criminator circuits, which can be built from the filter circuits just 
described. Since the filter response Is relatively broad, you can vary 
the tone slightly around the filter resonance and still have good 
output. This output can be made positive or negative or zero depend- 
ing upon whether the tone is above, below or on the filter frequency. 
A possible discriminator circuit is shown in Fig. 1-33. It 1s essentially 
a balanced bridge. 

The simultaneous transmission of two tones quite far apart in 
frequency, each capable of being varied above and below some 
“rest” frequency, can give proportional steering and elevator con- 
trol. Three such tones would be required for proportional control of 
rudder, elevator and motor. Normally in a system such as this the 
motor would be an on-off type function for high-low motor rather 
than proportional control. Thus two changing-frequency tones 
would be used for steering and elevator, and the third set as a pulse 
would produce fast motor or slow motor cyclically. 

Of course it might be possible to use a single-tuned circuit or 
equivalent, and use a slope detector to give control. With this the 
neutral is when the tone is halfway to the peak of the resonant rise. 
Lower tone gives one control and higher tone gives another. 


TONE-SEQUENCE TRANSMISSION 


One problem with the transmission of tones is that beats are 
produced between them when more than one tone Is transmitted at a 
time. A second problem is that the maximum available modulation of 
the transmitter must be divided among the tones; thus no tone 1s 
transmitted with full 100% modulation. That reduces reliability. In 
the Sampey system (courtesy of Grid-Leaks) this difficulty was 
overcome by using an electronic commutator to allow the transmis- 
sion of each tone one at a time, but sampled at such a rate that the 
model doesn’t know that the tones are interrupted. The control is 
essentially simultaneous for all channels, yet each tone modulates 
the carrier 100%. Four tones are sampled and sent by this method in 
the system shown in Fig. 1-34. 

The receiver would have four relays, say, each one operated by 
a different tone. You could use integrated circuit filters to separate 
the tones in this case. Then you could have one tone for left, one for 
right, one for up, and one for down in a very reliable control opera- 
tion. Since all tones are pulsed at a very fast rate, you would get the 
effect of simultaneous-proportional control over these functions, all 
at the same time. 
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In the ring commutator, flip-flop multivibrators are coupled so 
that one triggers the next and the last tnggers the first. As each 
operates, it causes a reedswitch in one collector of each pair to close, 
causing a tone of a certain frequency (generated by the unyunction) 
to be transmitted. Note that this type of reed relay closes on DC. 
Arc suppression of relay contracts is required. See Fig. 1-35. 


HOW A DIGITAL SYSTEM WORKS 


Modern radio-control systems are digital. Many brands are on 
the market, in both completed and kit form. Heathkit, for example, 
offers a good kit for the somewhat experienced electronics builder. 
But others include Kraft, Logictrol, Expert, Futaba, Cannon, and 
Ace R/C; they are all good systems which will give excellent per- 
formance in simultaneous and proportional control over as many as 
eight channels. Some systems will even have more channels. 

These systems all use small servos which have built-in 
integrated-circuit amplifiers of the feedback type. The size of these 
servos varies from the very small bantam to the larger and huskier 
types required for big aircraft and boats. You can usually specify the 
size servo that you want. It is customary to use the smallest possible 
size for airplanes. 

Because they all operate on the same basic principle, the 
variation of radio-frequency pulses, there is some interchangeability 
among systems of the various manufacturers. Ace R/C, for exam- 
ple, makes a servo which works with quite a number of systems and 
has an adapter to change from a positive pulse input to a negative 
pulse input. But you must be careful trying your servos with other 
systems. Be sure they are compatible before you connect parts 
together, or you might ruin the system. 

Digital systems are available in from two to eight channels, and 
some even have more channels than that. Each channel is propor- 
tional, and although they operate sequentially, they do so at such a 
fast rate, due to the millisecond duration of pulse transmission, that 
you can operate all eight channels of an eight-channel system. As far 
as practical, movements all operate simultaneously. Thus you can 
vary engine speed, elevator position, and rudder position of an 
airplane model in flight, all at the same time. It’s the real thing all 
right, and wonderful experience to boot for that person who always 
wanted to fly, but didn’t get the chance to do so. And there are no 
crash dangers for the pilot. This has great appeal to the lady folk of 
the family. 

Now, to fully understand digital systems, we will first look at 
one which has only four channels. This will give us the basics for 


46 


‘sAelas UIM UOISSalddns dy ‘SE-1 ‘“BI4 


fre 
a 


OQ4dgL93L048d 
38 LSNW SLOVLNOD N3dO ATIVNYON 


ONV G3S0190 ATIVNYON HLOB 


‘G3SN Si AV13Y G33Y 1ddS N3HM (SWHO OO! OL Ol) YOLSISSH - 4 
Vg/3 =QVOT NI LNSYYND --— I (9G¢N1) 30G0Id 3SOdHYNd-1WH3N39 - Za 
YOLSISSHY - y AV 15yu OQHVONVLS YO AV 13¥ G3S3y ODILSNDVW - = SHY 
YOLIOVdVD - 9 
AV 158 GYVONVLS YO AV1Sy¥ G3S3H OILSNDVWN -) OSH YOLSISSS GNV JQOIG 


YOLIOVdVD GNV HOLSIS3Y 


3 
(A +1)0 


3 =o 





examination of a later, up-to-date system following this first discus- 
sion. The four-channel system was developed some years ago, but it 
is still valid, still will work, and its “truths” are still “self-evident” if 
you want to try to build one from “scratch,” We find that many 
electronics experts like this challenge, but for those not quite so 
expert we advise getting a good kit, where all parts are furnished, 
test procedures are specified, and you can be assured of a satisfac- 
tory product. Kits, of course, are more economical than the finished 
product, and you usually have factory assistance and service if 
desired. 


SOME DIGITAL CONCEPTS 


Probably the first concept to understand 1s that the digit of the 
digital system—the name means the same thing as in a digital 
computer—is simply a pulse such as we have already explained. The 
difference in this system is that these pulses are transmitted at a 
very rapid rate—miulliseconds apart—and are just a carrier signal 
from a transmitter. Idea number one, then: The digit is a pulse and tt 
is also called a bit. 

The pulses are transmitted in trains—thatis, there is a series of 
pulses, then a time space and then the same series or number of 
pulses. This process continues and so one transmits information 
constantly in this type system. These trains of pulse are often called 
words in digital-control language (Fig. 1-36). 

The time space between the words is used to allow the decod- 
ing equipment in the model to synchronize itself so that it can 
transfer the commands represented by the pulses to their proper 
channels. Note that each pulse is acommand channel. In the receiver 
these pulses are separated, sent to four separate channels where 
their width is compared to a reference pulse generated or present in 
each of the four channels (Fig. 1-37). If the incoming pulse is longer 
than the reference pulse, a negative voltage is produced at the 
comparison-circuit output. If the incoming pulse is shorter than the 
reference pulse, the comparison channel output is positive. When 
the pulses are equal, the voltage output is zero. Understand here 
that the amount of the voltage out of the comparison circuit is exactly 
proportional to the difference in width, or time duration, of the 
pulses, so that as we vary the width of the incoming pulse we can get 
a proportional DC output of either polarity. This voltage can be 
amplified and used to position a servomotor left or right for propor- 
tional steering. 

Oin computer terme 4 series of bits wake tm a Gieet anv a series of digits make up a 


word. I am taking some liberty in definitions here to simplify the explanation of digital 
radio control. 
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Fig. 1-37. Comparison between the reference and command pulses. 


In Fig. 1-37 the basic operation of the pulse-driven servo 1s 
explained as far as the comparison of the pulses is concerned. Since 
we must have a continuous voltage to drive the servomotor, it 1s 
necessary to “stretch” these pulses with an averaging circuit, which 
Is a one-shot multivibrator. Figure 1-38 is a block diagram of the 
system. You also must note that since the difference in pulses can be 
very small, the circuit may find it difficult to “decide” which way to 
start the servomotor running. There is therefore a cross-connection 
between the two channels so that whichever channel starts conduct- 
ing first effectively blocks the other one until the command signal 
changes. 

Figure 1-39 shows the circuit that allows the pulse differences 
to be used as servomotor drive voltages. The incoming pulses are 
sent toa one-shot multivibrator Q1 and Q2 and also to the reference 
multivibrator formed by Q3 and Q4. The width of the pulse from the 
reference multivibrator 1s governed by the position of the 
servomotor-driven feedback potentiometer Rx. Note that the pulses 
from the first multivibrator Q1 and Q2 are compared to the pulses 
from the feedback multivibrator (or reference multivibrator) Q3 and 
(J4 in the diodes D3 through D6. Essentially, if the incoming pulse is 
narrower than the reference pulse, one pair of diodes allows one 
channel to the servomotor to conduct, producing rotation in one 
direction. As the motor rotates, it repositions potentiometer Rx so 
that the difference in pulse widths is made zero and the motor stops 
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Fig. 1-39. Schematic of the servo decoder for the digital-pulse system. 


running. If the pulses coming in are wider than the reference pulse, 
the motor is caused to run in the opposite direction until Rx causes 
the pulse width to be the same. 

Now examine Fig. 1-40 to see how the pulses that come from 
the command transmitter are separated in the receiver decoder. 

The decoder consists of one-shot and flip-flop multivibrators. A 
one-shot multivibrator changes the conductive state of two cross- 
connected transistors only when an input trigger causes the change. 
The time the transistors remain in the new conductive state is 
determined by the time constant of the one-shot circuit. Then it 
drops back to its original state. The flip-flop multivibrator changes 
state of conduction upon receiving a pulse and stays in the new state 
until another pulse changes it back. In other words it “flips” on one 
pulse and “flops” back to its original conduction state on the next, 
UG: 

The one other circuit required is a coincidence circuit—a trans- 
istor which must have two voltages of the proper polanty applied to it 
before it will conduct. 

When the three types of circuits are arranged as shown 1n the 
block diagram and an input pulse train 1s received, the decoder will 
produce an output from each gate for each command pulse. The 
width of the gated pulse will be in direct proportion to the time 
spacing between the command pulses, as we will see just a little later 
on. 
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Now, to examine the operation of the block diagram, assume 
that the decoder is in the condition shown on the diagram. Where we 
have indicated GND, it means that this side of the multivibrator 1s 
conducting heavily and where we say VOLTS we mean that that side 
of the multivibrator is not conducting, so its collector has a relatively 
high voltage. The condition shown on the diagram prevails whenever 
the synchronizing-space time is transmitted, so we call it the sync 
condition. This is the period between pulse trains or words. The 
circuit assumes this condition automatically when it receives no 
pulses for a set period of time. 

Now refer to the table below the diagram, which shows the 
change in output for each pulse received. On the first pulse the 
one-shot changes its state and remains in its new state throughout 
the duration of the rest of the word. The first pulse also tnggers C 
and D into the state shown for pulse No. 1, but E and F remain 
unchanged. Gate 1 1s now activated, with the proper voltage applied 
to its base and emitter to make it conduct. Pulse 2 now arrives. It 
changes the state of C and D and also the state of E and F so that gate 
21s now activated in the same manner as gate 1. No other gates have 
the correct voltage at their bases and emitters to make them con- 
duct. Pulse 3 arrives, produces condition 3 and activates gate 3. 
Pulse 4, the final pulse, closes all the gates, and then the synchroniz- 
ing time (no pulse reception) begins. Shortly after this time begins, 
the R/C time-constant of the one-shot multivibrator runs down its 
charge so that the one-shot returms to Its initial condition. This opens 
gate 4. Now the circuit 1s ready for the reception of the first 
command pulse, which closes gate 4 and opens gate 1 as discussed. 
The actual circuit for performing this operation is shown 1n Fig. 1-41. 

We note then that the width of the pulse out of each gate is 
proportional to the spacing between the pulses in the command 
train, as shown in Fig. 1-42. 

The other part of this system which we need to examine briefly 
is the coder on the ground... This unit must generate the pulses and 
vary them so that we obtain proportional control over the channels 
we desire. First, though, the actual transmitter and receiver can be 
the same for nearly every type radio-control system. You can use a 
regular transmitter as long as it is capable of being pulsed at the rapid 
rate required for this system, and you should use a superhet to 
receive the pulses in the model. These two items of equipment are 
pretty much standard. All that is necessary to transmit digital infor- 
mation is to be sure that the transmitter can send the pulses at the 
required rate and that the receiver will not distort them seriously. 
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Fig. 1-42. Relationship between spacing of command pulses and width of pulse 
output from decoder gate circuit. 


The coding circuit is fairly standard. A unyunction transistor Q1 
begins the operation by producing pulses at some base rate. These 
pulses are then fed to one-shot multivibrators, Q2—Q3 and 
Q4—Q5, which have variable resistors in thew base circuits to 
control the time constant. The outputs of the multivibrators are 
taken through diodes to a pulse amplifier-stretcher, Q6B—Q7, which 
is again a one-shot multivibrator, and then through amplifier Q8 to 
the crystal stage of the transmitter. When a pulse 1s produced it 
causes a collector voltage to be applied to a transistor oscillator, and 
this in turn produces an rf pulse. When no pulse 1s produced from the 
coder during any time interval, the transmitter oscillator has no 
voltage applied to its collector and base and so there is no rf output 
produced. Figure 1-43 shows the coder circuit. 

In order that the timing between the pulses be controlled, it is 
necessary to use a voltage regulator across the supply for this type 
pulser. The steering potentiometers for the model are labeled A 
through E on the diagram, and connected to a suitable stick or lever 
so that one can steer the model easily. 
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This system was one of the forerunners of our current and 
excellent type digital systems. Of course if you build it 1t can work for 
you if you get everything so that it operates correctly. Also the 
circuits are very interesting as they might be used in some other 
control applications. We have included it here primarily as an intro- 
duction to digital-control systems, and to intrigue you with its cir- 
cuitry, if you, like ourselves, are fascinated by any kind of electronic 
circuitry which does something. So, 1f you want to experiment, have 
a go at this system. 

But wf you want firm and assured results, then we suggest a 
good digital kit so you won't have to search for the parts, or method 
of testing and adjusting, or proper layout. We next examine the 
fundamentals of three good digital systems and assure you there are 
others, but of these we have personal knowledge that they will be 
fun to put together and operate. There is enough to these systems 
that they warrant a separate chapter, so let’s have at it. 
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Modern fica 


Radio Control Systems == 


The modern digital radio-control system is made up of transistors 
and integrated circuitry all put together in a nice, neat package which 
has the proper levers or dials or knobs or steering wheels to make 
the actual control of our models a pleasure. Figure 2-1 shows one 
system made by Kraft which embodies the packaged form of the 
receiver and two servo units in one block. Notice how few compo- 
nents are required in the model, only the two items in front of the 
transmitters; on the left 1s the battery package. Of course only one 
transmitter is used, but this picture shows two which can be used. 
One is a single-stick and the second a two-stick arrangement for 
control. 

To see what the various controls are for, examine Fig. 2-2, 
which depicts another physical arrangement of a radio-control 
transmitter with the various items labeled. 

The use of the controls in handling a model airplane is the basis 
for the labeling. Of course for boats or cars the labels would be 
different. 

If you purchase a radio-control system, there is a good possibil- 
ity that it may come in a nice package as shown in Fig. 2-3. Again 
here, the receiver and two servos are packaged in the same “brick;”’ 
at top left, a spare servo; to the right of that, batteries; and down the 
left side, the charger for the batteries and cables. This, too, 1s a 
complete system. [t has dual-level controls for rudder, elevator, 
throttle, and aileron control, or for other devices which you might 
want to use In your model. 
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Fig. 2-2. KPT-7SX seven channel single stick transmitter. 
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Fig. 2-5. The assembled Heathkit GD-1205 8-channel R/C system. 


others. Or you might build up a system of your own from the circuits 
and discussions in our radio-control books. But ultimately, we be- 
eve that you will wind up with a modern digital system. So now we 


begin a close examination of these several types to see what makes 
them work. Ready? 


« 


THE KRAFT RADIO CONTROL SYSTEM 


A block diagram of the transmitter is shown in Fig. 2-6. You 
want to remember that the code to be produced on the air will be a 
erles of radio frequency pulse trains separated by a time interval 


* 


called a sync pause. The pulse widths are varied to cause servo 
motion. 


How It Operates 


The transmitter (rf section) produces a crystal controlled rf 
carrier which is on continuously until it is pulsed off each time one of 
the encoder channels stops. An off pulse or time interval rep- 


« e e 


resented the beginning of an information- (control-) channel code. 


° ° 


The time interval between each off pulse time 1s variable and depen- 
dent upon the control-stick position of that particular encoder chan- 


nel. The time interval between the first encoder start pulse in one 


ee 
ote 


ve 





frame and that same pulse in the next frame (or pulse train) 1s fixed; 
therefore, the period labeled “sync pause,” varies as each control 
element is moved. The sync pause itself carnes no information and is 
merely atime delay to permit the receiver decoder to reset itself and 
get ready for the first pulse in the next incoming pulse train sequ- 
ence. The transmitter being pulsed off means that essentially it is 
amplitude modulated and radiates a carrier all the time—except 
when a pulse is being transmitted. This is good because it tends to 
prevent interference from getting into the system. 

One type encoder used successfully is shown in Fig. 2-8. A 72 
MHz frequency transmitter section is shown in Fig. 2-9. Notice that 
the encoder consists of a series of half-shot multivibrators following 
a free-running multivibrator. The timing of the half shots is governed 
by the stick controls, and since the outputs of these half shots are 
coupled through a common line to the basic modulation multivib- 
rator, these outputs govern the starting and reset time of this unit 
and so govern the transmitter off and on time. In the receiver there 
is a similar system, working in reverse and synchronized by the 
sync-pause time so that it gets the pulses and separates them 
through gate action and routes them to the various servos. 

In construction of a Kraft kit it is interesting that the coding and 
decoding multivibrators are parts of integrated circuitry, which re- 
duces the number of parts and makes the assembly easier. 


The Receiver 


First we should look at the block diagram shown in Fig. 2-10. We 
must also realize that in a large number of current digital systems the 
decoder 1s on the same printed circuit with the balance of the 
receiver, and they are not two separated units. 

The diagram of the receiving portion of the system is shown in 
Fig. 2-11. In this system there was a possibility of two-channel 
operation by manually changing the crystal switch. This is good to 
give quick frequency changes in case of interference or when you 
find that there are lots of others flying on your frequency and you 
have to wait a long time to be able to get the air. 

The circuit 1s straightforward, a superhet with three stages of 
1-f and an amplitude detector to pick off the pulses. In some systems 
the 1-fs operate at 465 MHz, allowing the i-f transformers to be very 
small units, as shown in Fig. 2-12. 

In the picture you see that the 1-fs are adjustable, just as they 
are in any broadcast receiver. The antenna length is critical. Here it 
is a fixed length of rod, slightly rigid so you wen’t try to lengthen, 
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shorten, or bend it back on itself. There is no relay in this receiver; it 
uses a transistorized output which provides enough current change 
so that you can operate actuators, motors, or whatever with the 
receiver as itis shown. The actual Kraft receiver will have a different 
configuration and may use different physical parts, but for the diag- 
ram shown this is the layout indicative of this kind of control re- 
ceiver. 


The Servo System 


Of course there is the channeling system, which is the decoder 
in the receiver. This routes the pulses to aservo, such as is shown in 
Fig. 2-13. This represents a standard arrangement, and, from the 
various circuits shown, you can follow through to see how the 
system works. Notice that the incoming pulse activates the refer- 
ence system which then compares the reference-pulse timing with 
the incoming-pulse timing and width. From this it determines the 
direction and amount of rotation of the motor. When the motor 
moves the feedback potentiometer, fastened to its output gear, it 
causes the reference pulse to balance out the incoming pulse when 
the output motor gear shaft has moved the desired amount. Thus 
you have the proportional control required for our modern high- 
speed model airplanes and which we desire for all of our models no 
matter what type they may be. 


THE HEATHKIT DIGITAL RADIO CONTROL SYSTEM 


Of course all manufacturers are constantly updating their 
equipment to give you the best possible equipment. The Kraft 
system just examined was an earlier one, and changes have been 
made since it was originally developed and marketed. But now we 
choose to examine the Heathkit as an example of a later system to 
see what changes do take place and how the system might change as 
aresult. Understand that basically the operation of any system has to 
remain the same because the principles of operation of a digital 
radio-control system just don’t change. But to facilitate operation, to 
make control easier, and to take advantage of new technological 
breakthroughs— which usually results in smaller, lighter, and more 
efficient control systems—the manufacturers make model changes 
from year to year, or nearly so it seems. Sometimes it is just a 
packaging change and sometimes also a circuit Improvement—kinda 
like systems of marketing new-model automobiles. In any event let’s 
examine the Heathkit system, which we got as a kit, put together, 
and found most satisfactory results from the experience. 
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Coding of the signals is like that previously discussed except 
that timing is different. Examine Fig. 2-14. Note that the carrier is on 
until pulsed off, as before. You can relate the r-f pulses to the 
diagram in block form and see that this 1s the case. 


The System 


The receiver, like the transmitter, has a plug-in module which 
will give instantaneous (almost) frequency changes to any of the R/C 
spot frequencies. In Fig. 2-5 you saw two r-f plug-in units (one 
inserted in the transmitter at top right and one below the receiver). 
The other units are the same sizes as these. This is nice because it 
means the bulk of your equipment is always good, and you can get on 
the frequency giving you the most control time at the flying field. 


The Receiver 


The receiver appears in block diagram form in Fig. 2-15. You 
will note that ceramic i-f filters are used. These are “something 
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Fig. 2-8. One Kraft encoder system. 





else.” They are about %4-inch square, and you do not tune them; this 
makes for a very small, compact and rugged receiver. Again, an 
integrated circuit makes up the pulse separation decoder to route 
the pulses to the servos. The r-f amplifier gives high gain, improves 
the selectivity, and minimizes interference. Note also the noise 
lumiter block which is good to have in such a control system as this. 


The Transmitter 


The transmitter is shown in block form in Fig. 2-16. You will 
notice that, as before, control levers and switches and knobs are 
moved to change resistances which, in turn, change the timing of the 
monostable multivibrators and thus the width of the transmitted 
pulses. The free-running multivibrator is again the one which estab- 
lishes the total pulse-train time. The modulator is a multivibrator 
pulsing the carrier off when a signal is to be sent. Note that the rf 
section is stated as a module. That is the small package at the top 
right of the transmitter in Fig. 2-5. 
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The Servo 


Servos for this system may be subminiature or a larger size. It 
is well designed and relatively easy to construct in kit form if you 
have a magnifying glass handy. In block diagram form you can see in 
Fig. 2-17 that there are very few parts needed other than the 
integrated circuit which forms the main part of the package. The 
subminiature unit shown is strong, quick, responsive, and fits well 
into an airplane package as we shall show in later pages. 


THE ACE R/C DIGITAL SYSTEM 


In this system examination we will learn still more about how a 
digital system works and of some design concepts of how it gives you 
a fine performing system enabling you to do the things you want with 
your model. This system 1s also available as a kit or as a completed 
unit. Its construction procedures are more for the expenenced 
electronics builder than are the instructions available with the 
Heathkit system. Of course you can purchase any of these systems 
(or later versions of them) assembled and ready to use if you desire 
that approach. 


The Encoder Operation 


The encoder is part of the transmitter, being that portion of the 
circuit generating and coding the command signals for transmission 
by the rf section. One such encoder is shown in Fig. 2-18. In this dia- 
gram only three operational channels are shown, but the system 1s 
capable of handling up to nine channels. We are interested here in 
how it actually codes the signals, but we would remember that this 
system Is available as a kit from Ace R/C. So if you want to build one, 
find out about the kit. 

This system uses a commutated encoder which employs only 
one set of timing circuitry for all channels. The control input to the 
timing circuit steps sequentially from one control potentiometer to 
the next until a complete frame of information is encoded. The 
information is contained in the pulse widths. This function of step- 
ping 1s termed commutation. 

The encoder consists of a free-running multivibrator which 
performs the timing function, a control-input buffer for this multivib- 
rator, and two integrated circuits that commutate the control of the 
multivibrator time constant from one control input to another. The 
multivibrator switches state at a regular interval dependent upon the 
values of the related resistor and capacitors in its circuitry. 

In the encoder the period of on time of the multivibrator may 
equal the off time, or they may be varied independently. In this case, 
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Fig. 2-10. Kraft receiver decoder interconnection. 


where we assume the collector of Q2 to be high, biased to cutoff, the 
off time is set at 250 microseconds by the values of C2 and R5. This 
is the nominal (no command) width of the modulation pulse. The on 
time output of the multivibrator 1s variable. 

The on time is set by the value of C1 and R4 and by the voltage 
level at the emitter of Ql. Imagine for a moment that Q1 has been 
replaced by a fixed resistor of such a value that the multivibrator will 
run at an off time of 250 microseconds and that its on time will be set 
by this fixed resistor and also by R3 and R4. Assume there is no 
variation in the on time. The goal, then, is to make the on-time 
variable a time of about 1.5 milliseconds plus or minus 0.5 mil- 
lisecond. That is, it may be shortened to 1.0 millisecond or it may be 
lengthened to 2.0 milliseconds. We want it variable continuously 
between these extremes, as this will specify rudder or elevator 
(etc.) position on, say, a model aircraft. 


Pa 


Now, if that fixed resistor is changed to a variable resistor, this 
will do just that; it will control the timing of the on pulse between the 
desired extremes. So we find that Q1 actually serves as a variable 
resistor to do this. As Q1 turns on—that is, its emitter becomes 
more positive, the on time increases; and as its emitter becomes 
less positive the on time decreases. Notice that the bias level for Q1 
is controlled sequentially by each of the control potentiometers. 
These govern, then, the movement of the model’s control and 
steering elements. 

Since Q1 is an NPN transistor, it is biased off as the base goes 
more negative and less off (more on) as the base becomes positive. 
It is necessary to provide the bias required to produce the nominal 
(average) control-time period of 1.5 milliseconds (plus or minus 0.5 
millisecond), and also it is necessary to provide the bias necessary to 
produce a synchronization pause of about 4,5 milliseconds between 
each frame of pulses. Integrated circuits SN7490 and SN74145 
accomplish this. 

The SN7490 is a decade counter that converts a decimal input 
into a binary output. It will take sequential clock pulses and produce 
its binary output (either a voltage or no voltage—a 1 or a 0) at its 
output at A, B, C, and D. When the A output goes high (1) on the first 
clock pulse and then low (0) on the second, itis the same as counting 
to 9, then making the last significant place 0 while the second 
becomes 1 to form 10. When A goes low it “carries” to the next 
significant place, just as was done going from 9 to 10 and the (B) 
output becomes high. It cannot go low again until A goes low once 
more. The same relationship is true for (B) versus (C) and for (C 
versus (D). Thus (A) changes stage with every count, (B) with 
every other count, (C) with every fourth count, and (D) with every 
eighth count. 

The SN74145 is a binary-coded-decimal to decimal decoder/ 
driver. Its function is to accept the binary-coded-data characteristics 
of binary computation and convert it to 1-of-10 outputs. This integ- 
rated circuit has an outstanding charactenistic. It is an open-collector 
TTL device, meaning that the drive transistors are normally used to 
drive display devices and also meaning that no internal collector load 
exists on any of the output transistors. In this case that means there 
is now provided the isolation needed to keep the control poten- 
tiometers separated from each other when the outputs (1 through 7, 
and 9) are high. It is this feature which permits the elimination of the 
blocking diodes needed when other counting devices, such as shift 
registers, are used. 
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As the SN74145 steps through the sequence, the outputs go 
low, as shown in Fig. 2-19. When inputs A through D are low, all 
outputs are high. Thus Q1] 1s biased strongly on, and the free-running 
multivibrator will have the long 4.5 millisecond period required for 
synchronization with the receiver decoder. When the multivibrator 
reaches the end of the sync pause and goes off for 250 microseconds, 
a frame of information begins with the sending of a sync, or start, 
pulse. This sync pulse appears as a 250-microsecond pulse of 9-volt 
amplitude at the collector of Q3; it then goes to the modulator in the 
rf section via D2 and R8. It also goes to the clock input of the SN7490 
at pin 14. 

Those familiar with integrated circuits will be aware some 
counters do binary counting along with the decoding functions of the 
5SN74145, all on one chip. However, these devices must count all the 
way to 10 before they can start over, unless an auxiliary clear circuit 
is used. The SN7490 has the feature of being able to clear itself, and 
in this Ace Commander system the feature is exploited. Notice that 
the D output (pin 11 of IC-1) is connected to the clear input, pin 3-4. 
As soon as the count reaches 8 (there must be one more pulse than 
there are channels) and (D) starts to go high, [C-1 is cleared, and all 
its outputs go low. 1 
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Fig. 2-11. The Digital R-9A/R-10B receiver less decoder. 


As you examine Fig. 2-19 you see that in the code for IC-2 when 
all outputs are high, a new sync pause is started and a frame of 
information has been coded and sent to the rf-section modulator. By 
connecting the reset to (C) it is possible to stop the count at 4 and 
thus make a three-channel system. Or you could connect reset to 
(B) and get a one-channel system. We include in Fig. 2-20 the 
transmitter diagram of this system. Since it 1s similiar to others we 
have discussed we won't elaborate on its circuit operation, but leave 
that to your analysis. 


The Receiver and Its Decoder Design 


The decoder used in this receiver, which essentially separates 
the pulses transmitted and sends them to the various servos, 1s 
based on complementary metal oxide semiconductor (CMOS) integ- 
rated circuit, the best type to date as far as stability, noise rejection, 
and low-current drain are concerned. 

This decoder is also designed to perform the squaring and 
pulse-stretching operations needed to give clock and synchroniza- 
tion pulses via an integrated circuit. And because it 1s a separate 


is 


circuit form the receiving portion of the receiver it makes possible a 
very simple and straightforward receiver itself. 

The Decoder appears along with the receiver in Fig. 2-21. 
Refer to the block diagram in the lower left corner. Hex inverter 
74C04 consists of six transistors on a chip. Digital information 
operates between two levels: high and low voltages; so it 1s binary in 
nature. The inverter, of course, inverts the sign of the voltage 
output from that of its input. 

The receiver output is a train of pulses (2 to 9 for 1- to 8-channel 
systems—remember one more pulse is needed here than the actual 
number of channels). The voltage levels of these pulses are from 
near 4.8 volts down to almost 0. The inverters in the 74C04 will 
switch at these levels, so the first block actually amplifies and inverts 
the incoming pulse train. 

Now the train of pulses is sent to two different blocks. The one 
at the top (inverters 4 and 5) generates the set pulses, and the lower 
one (inverters 2 and 3) generates the clock pulses. The clock pulses 
have to be squared and shaped, which is also done. These clock 
pulses are also called shift pulses. The shaping required 1s a slight 
stretching, or lengthening, of the pulses, which is accomplished by 
feedback. The output from 2 is negative, but is reinverted so that it 
becomes positive at the output of this block; then the pulses are 
passed to the 8-bit shift register, 74C164. 

Upon receipt of the first, or synchronizing, pulse, D3 and C26 
act as a sample-and-hold, or pulse-stretcher circuit. Capacitor C26 
discharges through inverter 4 and places it in a positive-going state. 
At this point the pulse is stretched across the entire pulse train. The 
output of inverter 4 is still shghtly rounded and 1s of the wrong level; 
that is, it is positive going for set, so further stretching 1s provided by 
C28. The output from inverter 51s quite square and negative going 
during the period when the pulse train is present. 

The shift register is set by having the output of inverter 5 be 1 at 
the instant the first clock pulse is received. The set is immediately 
driven to ground at the first clock pulse and remains so until after the 
last pulse is received. In doing so, the first stage of the register, a 
flip-flop, 1s inhibited from shirting back to Q until the next frame of 
information is received. 


The Register 


The 8-bit register consists of eight R-S (as opposed to J-K) 
flip-flops. The requirement for the decoding function, which is rout- 
ing of the pulses, is as follows: 
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Fig. 2-12. A small R/C superhet (Ace R/C). 
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Fig. 2-13. A digital system servo system. (Kraft) 


¢ Making SA or SB a 1 (positive) permits the first flip-flop to 
clock; thatis, Q1 becomes a 1, upon receipt of the first clock 

pulse. (SA is set A, SB 1s set B). 
The way the flip-flops work is as follows: It shifts its binary 1 
(high voltage) back and forth between Q and not-Q each time a clock 
pulse is received. Whenever Q is positive (1), not-Q is negative (0), 
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and vice versa. The two functions used for control are entered at the 
set input of FF-1 (the S input) and at the clock input. 

When there is no information present during the synchroniza- 
tion pause, or set period, Q for FF-1 through FF-8 is 0. As soon as 
the first clock pulse is received, FF-1 shifts to Q and becomes 
positive, and as stated before, not-Q becomes negative. FF-1 can- 
not shift to Q unless it sees a 1 or a positive level at SA/SB (pins 1 
and 2), which it does at the instant the first clock pulse 1s received. 
The Q for FF-1 remains positive until the second clock pulse 1s 
received, at which time it reverts back to 0. 

If S for FF-1 were to remain at the 1 level at all times, FF-1 
would simply shift back and forth between Q and not-Q every time a 
clock pulse was received, and there would be no decoding. Thus the 
set pulse was driven to 0 an instant after the first pulse was received, 
aS mentioned a moment earlier. Now under this condition, FF-1 
cannot shift again as long as the output from inverter 5 1s negative; 
that is, it cannot shift until after all pulses have been received and the 
output of inverter 5 returns to the 1 level. This is why the pause 
between frames is called the synchronization, or set pause, since 
FF-1 is set to accept the first pulse during this pause. 

Now, remembering what has been discussed, note that FF-2 
cannot shift to Q unless its S sees a 1. It sees a 1 only when Q for 
FF-1is a1, whichis during the first control pulse time. So, as soon as 
Q for FF-1 1s a1, FF-2 is set and free to shift to Q when the second 
pulse of the control group 1s present. This second pulse also returns 
FF-1 to 0. FF-2 shifts to Q until the third pulse is received to return tt 
to not-Q, and so on, for the number of channels chosen, up to the 
maximum of this system, which is eight. As soon as C26 and C28 
have discharged after the last pulse, the output of inverter 5 returns 
to a1, and FF-1 is reset to be ready for the next frame. 

The length of the control pulses are determined by the length of 
time (1.5 + 0.5 milliseconds for control motion, ) between the clock 
pulses. The sync pause 1s nominally 4 milliseconds and so the entire 
frame is 4 + 1.5 milliseconds per channel nominally. This makes a 
frame rate about 65 per second for the 8-channel equipment. 

Now we have a good idea of how the coding and decoding 1s 
accomplished in a modern digital radio control system. The use of 
integrated circuitry makes the oeprations, which used to be very 
complicated circuitwise, very straightforward and the circuitry very 
simple and compact. Of course if you have troubles you must have 
the proper test equipment (often expensive) to see what is happen- 
ing, just as you do in servicing television sets. A very good oscilos- 
cope 1s almost mandatory. 
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Fig. 2-15. Heathkit R/C receiver. 


THE BINARY CODE AS A CONTROL CODE 


In the systems discussed we have seen how the variation of 
pulse width or timing has given us control operations. We wish to 
mention that the binary system, that is the presence-omission type 
of code can also be used for control operations. This may become an 
important code for future radio-control systems, for models, as well 
as for commercial vehicles and devices. Of course it will require a 
computer coder and a computer decoder, but then, nowadays, we all 
have a computer of some type, do we not? 


Binary Pulse Code Systems 


In a pulse-code system the bits of a word are included or 
omitted to form particular commands. By omitting various combina- 
tions of pulses in, say, a 10-bit word, many possible subwords or 
patterns result. 

This type of system is used by such remote-controlled vehicles 
as the Surveyor moon craft and other devices for which maximum 
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Fig. 2-19. Pulse level outputs of encoder. 


reliability 1s required. The circuitry 1s a form of the multivibrator 
decoder we just discussed, in which gates are opened upon coincl- 
dence of pulses. Note, however, that the output will be a discrete 
group of commands, not proportional. Proportional control here 1s 
accomplished by making each command cause a very small move- 
ment. That is, one command may call for a 1° movement, a second 
for a 2° movement, and so on. Reliability is higher with this type of 
system becasue of the present—not-present idea. A receiver need 
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not detect fine changes; 1t needs only to decide whether a command 
is there or not. In spacecraft, the equipment itself may be subjected 
to influences that could cause changes in pulse spacing or width—but 
normally a pulse will not be spuriously created. This alone, even if a 
pulse may sometimes be lost, helps to increase the reliability. Of 
course commands are repeated constantly. As of this writing, no 
model systems I have been able to discover use this method. 


SUMMARY 


We have had a good examination of codes and systems in this 
chapter and have spent much time on the digital systems currently in 
use and which will be in use for years to come. When you go to the 
flying field near you the next time, look over the digital transmitters 
that are impounded and realize how they work and what they can do 
In giving you the finest radio control ever over your models. 
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Radio Control Circuits 





This chapter is devoted to various types of electronic circuits vital to 
radio-control systems. There are many variations of the same kind 
of circuit. These are included because some circuits often work 
better than others, although both may do exactly the same job. If one 
circuit doesn’t perform as you think it should, it is always nice to have 
an alternate circuit to try. That’s the reason we have provided at 
least one of each circuit commonly used in radio control and com- 
munications. 


TRANSISTOR OSCILLATOR CIRCUITS 


Oscillators are used in transmitters to generate carrier fre- 
quencies and control signals. They are used in superheterodyne 
receivers to improve selectivity and sensitivity. They are used as 
filters in decoders. Let’s examine the circuits of Fig. 3-1. 

With the new frequencies in the 70-MHz range, it 1s good to 
know that one can purchase an oscillator that’s ready to use. 

The circuit at (c) meets the FCC requirements for stability and 
tolerance. All circuits of Fig. 3-1 have feedback of some type; Fig. 
3-la uses a tapped coil, Fig. 3-1b is a variation of a trni-tet oscillator, 
and Fig. 3-1c uses both the idea of a tri-tet and a tapped coil. Figure 
3-2 shows a typical oscillator. 

Now examine the circuits of Fig. 3-3a and b. They have the 
crystal directly between collector and base and are a form of Pierce 
oscillator. This type is commonly found as the local oscillator in 
receivers of the superheterodyne variety. Circuit (c) is suitable for 
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Fig. 3-1. Transistorized oscillators for 27.54 and 74 MHz. 


one of the new higher frequencies and uses a Peterson Radio Co. Z-9 
fifth-overtone crystal. 
The circuits of Fig. 3-4 are still further variations. 


O2 


In Fig. 3-4a a tapped coil is used again, but the crystal is 
connected to the emitter instead of the base. Circuit 3-4b, again a 
form of Pierce oscillator, has a link-coil output instead of the 
capacitor in other circuits. The 54-MHz oscillator of Fig. 3-4c is a 
tri-tet circuit with a link output, designed to work from a 12-vo 
source. 

In Fig. 3-5, two further-out versions of crystal circuits are 
shown. Each might be used as test equipment, although the tunnel- 
diode circuit, courtesy GE, is suitable for receivers. If we connect 
the output of a tone oscillator to the circuit of Fig. 3-5b we can test 
reed-type or filter decoders. We might also use this oscillator as a 
low-power, short-range transmitter for radio-control experiments 
around the house. 

Before examining the next section of circuits, a word of caution 
to all builders of radio-control equipment. The FCC does have 
regulations governing the construction of radio-control transmit- 
ters, especially the frequency tolerances and radiation of spurious 
signals. You can order Volume VI of the Rules and Regulations, 
which contains Part 95, applicable to model radio control in the 
27-MHz Citizens band and the 70-MHz R/C band. Send $1.25 to the 
Government Printing Office, Washington, D.C. 20402, and request 
publication FCV-6. Part 15, which deals with low-power communica- 
tion devices (such as CB and radio-control units with DC power 
inputs to the final stage of 100 mW or less), is available in Volume II, 
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Fig. 3-2. A 74-MHz crystal oscillator, model OT-61, by International Crystal Co., 
Oklahoma City, Okla. 


which you can order from the GPO for $2 (ask for publication 
FCV-2). Also be careful with metal push rods when using the 
70-to-74-MHz band. These can resonate if their lengths are correct. 
Best to use hard balsa push rods in model-aircraft installations. 


SUPERREGENERATIVE DETECTOR CIRCUITS 


The superregenerative circuit has been responsible, more than 
any other, for the tremendous growth of radio control. It detects a 
modulated signal and tends to reject noise and interference, it 1s 
small, light and easy to build and adjust, and it has tremendous gain. 
It does radiate at the frequency it’s tuned to, however, and so you 
must be careful when using one around other receivers on the same 
frequencies, because there may be interaction between them. 

The circuits shown in Fig. 3-6 are suitable for 27 MHz (a) and 
70-to-74 MHz (b). 

The circuits of Fig. 3-7 are for even higher frequencies. The 
amateur 2-meter band (144 to 148 MHz) is within the range of the 
circuit in Fig. 3-7a. 

The final group of superregenerative detector circuits 1s shown 
in Fig. 3-8 and 3-9. 

In circuit 3-8a, the feedback controls a 1- to 8-pF capacitor. In 
(b) the circuit is a modified Colpitts using a split capacitance across 
the tank. The circuit in (c) uses a tapped coil and so falls into the 
Hartley circuit family. 

All these circuits are currently in use in radio control. Some may 
work better than others in your particular application. There are 
enough here so that at least one should fulfill your requirements. 


THE AUDIO-SUPERHET RECEIVER 

It is interesting that the thinking of some years back produced 
an audio superheterodyne. This circuit developed a good many 
years ago, is based on the fact that if a signal of, say, 27 Mhz is 
received by a circuit which has an oscillator producing 27.001 or 
26.999 MHz, the result is a 1-kHz audio best which can be amplified 
in a regular audio amplifier. The advantage of this circuit would be 
that no audio circuits are required in the transmitter, but the receiver 
would operate to all intents and purposes just as though the transmit- 
ter were a tone-transmitting type. Note the difference between this 
and the conventional superhet, in which the incoming rf signal is beat 
with another (locally generated) rf signal, producing an intermediate 
frequency (i-f) still in the radio-frequency range. 

In the circuit shown, from the DC—RC Newsletter, the output 
of the local oscillator 1s fed to a balanced mixer. The mixer 
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Fig. 3-3. Pierce-type crystal circuits. 
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using a bifilar-wound coil, cancels out the rf. Notice that there is an 
electrostatic shield between the primary and secondary of the an- 
tenna coil. Also notice that one might use a harmonic of the crystal as 
the beating frequency so that the crystal would not be operating on 
the same frequency as the transmitted signal. Since it 1s virtually 
impossible to grindtwo crystals to exactly the same frequency, one 
might just order two crystals for, say, 27.255 Mhz. There would 
probably be 500- to 1,000-Hz difference between them, but they 
would still be within tolerance. One would be used in the transmitter, 
and one in the receiver. 


THE SUPERHETERODYNE RECEIVER 


The basic superhet receiver is shown in Fig. 3-10. 

In this receiver, the 1-f stages are neutralized with small 10-pF 
capacitors connected between one end of each 1-f transformer and 
the input of the corresponding transistor. The 1-f1s 465 kHz and the 
transformers are readily available. A transistor-substitution manual 
will find you other transistors than those listed. The circuit 1s con- 
ventional and straightforward. It 1s a superhet circuit that requires 
no neutralization, because of the type of transistors it uses. Notice 
that a Clevite crystal filter is incorporated to increase the selectivity 
of the circuit and prevent interference. This receiver, Fig. 3-11, 1s 
suitable for receiving very-high-speed pulses for the digital coding. 


MODULATION METHODS WITH TRANSISTORS 


Methods for modulating transistors are similar to those used 
with vacuum tubes, but often simpler. There is the equivalent of the 
plate modulator, grid modulator, etc. The circuits to follow have 
been selected to illustrate, as much as possible, each type of mod- 
ulator in use. 

Figure 3-12 shows a simple modulator that uses a filament 
transformer connected so that its primary or high-impedance side is 
In series with the voltage supply to a transmitter final-amplifier or 
oscillator section. The secondary is in the emitter circuit of the 
modulating transistor. 

In the circuit of Fig. 3-12b, transistor Q1 modulates Q2 by 
controlling the voltage supplied to the base of Q2 via the 18- (or 20-) 
uF capacitor. This is a form of base modulation. Applied to tubes, it 
would be called grid modulation. 

Two conventional forms of modulation are modified-Heising 
and plate (collector) modulation. In both, the collector (or plate) 
current 1s modulated. Figure 3-13 shows how this is done with 
transistors. 
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Fig. 3-4. 27- and 54-MHz crystal circuits. 


97 


(a) 
XTAL-27 OR 54 MHz 


5 pF co. S6pF FOR 27MHz 
25pF FOR 54MHz 





ao 

OUTPUT ,- 585 mH FOR 27MHz 

300,H FOR 54 MHz 

IN3712 | 
TUNNEL 
DIODE 


(6) 


X TAL 
27MHz 


U 
a) a7oF 


9TNO.28 
ON 1/4" FORM 


: 
| 





IN34A 


-- FROM 
lor AUDIO OSC J 
4; 


Fig. 3-5. A tunnel-diode oscillator and a tone-powered modulated oscillator for 
testing. 


In (a), the collector current to the final rf stage 1s simply passed 
through the modulating transistor. This current is varied by the 
audio signal via the gain of the modulating transistor—a simple and 
effective method of modulation. It’s a bit different from tube-Heising 
modulation, in which the tubes are effectively in parallel for the DC 
supply, not in senes as the transistors are here. 
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In 3-13b we find a more conventional modulator, with a trans- 
former. This transformer must be large enough to handle the cur- 
rents in its primary and secondary, and its impedance ratio must 
match the modulator transistor to the final stage. Typical impedance 
values are shown in Fig. 3-13b. To calculate the modulation impe- 
dance of final, use: 
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Fig. 3-6. Two types of superregenerative detectors. The circuit at (a) is designed 
to work into an audio transformer while that at (b) will feed a resistance— 
Capacitance-coupled audio stage. 
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oo C 
Final impedance = oa 


Collector volts = Cv 

Collector amperes = Ca 
The impedance of the modulator transistor can be estimated in a 
similar way, or obtained from transistor tables. The Fig. 3-13b 
circuit shows an untuned final stage, which is not as efficient as a 
tuned stage, but useful in test gear for short-range transmission, or 
to isolate the crystal oscillator from the antenna. 

In Fig. 3-14a we see a modulated oscillator stage using the 
transformer-coupled modulator. The main requirement for a mod- 
ulated oscillator is that the oscillator maintain its required frequency 
tolerance during modulation. Note that the impedance of the trans- 
former primary is somewhat higher than in the previous circuit. 

In part (b) of the figure we see a modulator preceded by an audio 
amplifier. Each of these circuits would be suitable for voice com- 
munication as well as radio-control tone signals. 

Figure 3-15 shows two methods of modulation suitable for 
transmitting high-speed pulses. The outputs of pulsers are con- 
nected directly to these modulator transistors, which are turned off 
and on by the incoming pulses and interrupt the radio-frequency 
signal, producing rf pulses. 

Of course these modulators, too, can be adapted for tone or 
voice signals. Note that in Fig. 3-15 the modulated signal is applied to 
the base, like grid modulation in tubes. In both of these cases the 
modulating transistor is simply connected between the base of the rf 
Stage and ground. 

The antenna network of Fig. 3-15b is interesting—an old reli- 
able antenna-tuning circuit called a “pi” (because its schematic draw- 
ing resembles the Greek letter 77) network. It allows tuning (almost) 
any length of antenna wire for maximum transmission efficiency. 
Normally, you adjust the antenna-side tuning capacitor for maximum 
reading on a meter in the collector circuit, then the transistor-side 
capacitor for minimum, continuing until you get the highest 
minimum (dip) when you tune the capacitor on the transistor side of 
the coil. No further tuning is necessary unless you change your 
antenna (or sometimes your transmitting frequency). 

So much for types of modulators. You should be able to find one 
to suit your needs among those shown. 


AUDIO AMPLIFIERS 


Many audio-amplifier circuits have been published, so we won't 
dwell on them here. I do want to include the basic circuits shown in 
Fig. 3-16. “ 
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Fig. 3-7. Superregenerative detector for 100 to 180 MHz (a). The circuit at (b) has 
a conventional tickler type of feedback and is commonly used in Citizens-band 
equipment for voice detection. The 1K pot adjusts the amount of superregenera- 
tion. The circuit in (c) is a good performer, but ground the slug of the tuning coil. 
This circuit needs a supply of only 3 volts. 
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The first is a straightforward high-gain, low-power audio cir- 
cuit, the second a direct-coupled current amplifier of a type much 
used with servomotors (the servomotor is connected in place of the 
relay). Normally, in this application, this circuit 1s paired with 
another to cause the motor to run in the opposite direction. Watch 
for this type of circuit in the schematics in this book. 

The final circuit is a direct-coupled feedback-stabilized 
amplifier. The feedback improves frequency response and reduces 
the effect of transistor and temperature variations on performance. 
The output is shown going to a relay stage, but one might connect 
this also to a modulator in a transmitter or to further stages of audio 
amplification. 


SOME TONE GENERATING CIRCUITS 


Often, we want a circuit that will produce a tone for radio 
control. Two such circuits are shown in Figs. 3-17 and 3-18. 

Both circuits produce tones to operate single-channel, reed- 
multichannel or audio-discriminator type equipment. In Fig. 3-17 the 
controlling elements are L1, Cl and the frequency-control poten- 
tiometer. The tone can be calculated from: 


1 
{=——— 
oar N/a 


or, 1f you know the capacitor value and frequency and want to find the 
correct value of L: 


] 
L (henrys) = 
39. 5£C. 


As an ulustration, assume a capacitor of .05uF and assume we 
want a tone of 1,000 Hz. The inductance we need 1s: 


1 1 
39.5) 000)" 05 x 10 ~ 19.7 ~ 1H. 
An inductance of .05 henrys, adjustable 10% would give the cor- 
rect frequency. [he potentiometer in Fig. 3-17 also has some effect 
on frequency. One would key this oscillator with a switch in the 
minus-voltage lead. 

The circuit of Fig. 3-18 uses a colpitts oscillator, which means 
that the feedback is obtained from a “split” capacitor. This is a fine 
oscillator. The only requirement ts that the ratio of C1 to C2 must be 
2:1 or even a little larger. With the values shown,, the circuit oscil- 
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Fig. 3-8. Miscellaneous Superregenerative detector circuits using silicon transis- 
tors. 
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Fig. 3-9. The balanced mixer of an audio superheterodyne. 


lates quite readily with common inductances over the audio range. 
The value of inductance for 1,000 Hz is about 0.15 henry, but you can 
buy slug-tunable inductances and thus obtain different frequencies. 
Several inductances could be used and switched into the circuit to 
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produce different tones. Note that if you apply the resonance for- 
mula to this circuit, you must take the total value of Cl and C2 in 
Series as C inthe formula. This is the product of C1 and C2 divided by 
the sum. 


SOME ELECTRONIC PULSER CIRCUITS 


In radio-controlling model airplanes, one of the most popular 
systems was the pulse-rate-width system. I’ve shown you some 
mechanical pulsers that can be used in this system. There are 
electronic circuits that will do the job (Fig. 3-19), too. 

These pulsers produce pulses at about 2 to 10 per second, 
which is suitable for mechanical decoders. The first circuit (Fig. 
3-19a), which uses transformer feedback, produces a variation in 
pulse vale only. You might use this for a system designed around the 
rate-type mechanical decoder. (See Chapter 1.) The second circuit 
(Fig. 3-19b) produces a change in rate with a switch. The switch 
could be replaced by making the 2,000-ohm trimmer resistor vari- 
able for a variable rate. Width is adjustable with the WIDTH poten- 
tiometer. 

Although relays are shown in these two circuits, we can use 
rate-width pulsers with transistors to cut the transmitter off and on 
directly as explained previously under modulators. In this case, an 
output would be taken from the multivibrator of, say, Fig. 3-19b at 
point X and connected directly to the modulator inputs. 

A more complicated pulser, but one of the best, is shown in Fig. 
3-20. 

This pulser provides a tone output directly to the transmitter 
modulator. No relay is required. A variation of this pulser 1s shown in 
Fig. 3-21. 

Note that the output transistor can be connected to a 400-ohm 
relay, or directly to the transmitter oscillator to supply the modulat- 
ing voltage for transmission of the radio-control code. When con- 
necting to a transmitter oscillator, consider these terminals in the 
Same way as the terminals of a battery. The transmitter oscillator 
would require no connection to a battery, since it receives its 
operating power through this modulator. 


A MOTOR-NOISE FILTER 


Here is an important circuit: A filter to help eliminate interfer- 
ence caused by sparking electric motors in radio-controlled models. 
This filter, designed by Ted Strader, is perhaps one of the best and 
can be used on servomotors or driving motors. Note that you have a 
connection to the motor frame. If you buy an electrie motor you will 
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Fig. 3-12. An emitter-output modulator (a) and a base-modulation circuit (b). 


want one that 1s enclosed completely by a metal case. Examine Fig. 
3-22. 

Of course in commercial servos, the manufacturer usually 
supplies a filter designed for this product. Normally, such a filter is 
sufficient. 

It is easy to determine if a motor in a system is causing 
interference. Just make the motor run with the control receiver on, 
and no transmitter signal on the air. If there is radiation from the 
motor, the receiver will now pick it up and cause the motor to “jitter” 
or turn off and on by a kind of noise feedback. 
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SOME CONVERTER CIRCUITS 


In the construction section I'll illustrate how to build a very 
simple radio-control system using a standard broadcast portable 
receiver. An expansion of this idea is to design an input (frequency 
converter) circuit for such a receiver so that you can receive signals 
in the Citizens band on those frequencies allocated for radio control. 
This will allow you to use a standard radio-control transmitter and 
increase the range of operation to your model without reworking the 
whole receiving system. The circuits of Fig. 3-23 are of this type. 
They pick up the radio-control signal and convert it to a lower 
frequency so that your normal broadcast receiver can be used. 
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Fig. 3-13. Examples of modified-Heising (a) and transformer-coupled (b) moa- 
ulators. 
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Fig. 3-14. Amodulated oscillator (a) and a two-stage modulator with a tuned final 
Stage (b). 


Notice in Fig. 3-23a that the converter 1s not crystal-controlled. 
The output of the circuit would go directly to the antenna terminal of 
the broadcast set. Or you might wind a two- or three-turn loop 
around the broadcast antenna coil (the long ferrite core in the set 
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usually identifies this coil in the portable) and connect from this coil to 
the output of the converter circuit. Figure 3-23a has an output 
designed to feed such aloop. Figure 3-23b and c are designed to feed 
directly to the antenna connection of the portable. Don’t forget to 
make a common ground connection between the converter and the 
receiver. Figure 3-24 again has a loop connection that may be used 
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Fig. 3-15. Modulators suitable for high-speed pulses. 
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Fig. 3-16. Three audio amplifiers used in radio control. 


with either the antenna connection or the loop winding around the 
broadcast receiver antenna coll. 

With the crystal-controlled converters you simply tune the 
broadcast receiver until you hear the signal from the radio-control 
transmitter and then adjust the converter antenna coil for maximum 
signal. Crystals would be selected so that the difference between the 
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Fig. 3-18. Single-transistor tone oscillator. 


crystal frequency and the frequency you want to receive is some- 
where between 600 and 1,500 kHz, so that the converter output Is in 
the broadcast band. 

There is no reason why these converters cannot be used on the 
higher radio-control frequencies, if the antenna coils are selected to 
receive signals at these frequencies (50 and 70 Mhz) and the crystal 
1s selected to provide an output near these frequencies so that, 
again, the difference between the incoming and crystal frequencies is 
a frequency in the broadcast band. You may want to use one of the 
crystal oscillators shown previously. 


TRANSISTOR AND ICs APPLICABLE TO R/C 


There have been many new circuits developed during the past 
few years which are applicable to radio control and to other types of 
controlled devices. We want to examine some of these and present 
schematics of others for your use and information. Integrated cir- 
cultry, with its small size and low voltage requirements, makes 
possible the realization of circuits that years ago would have taken up 
too much space and have required such large power supplies that 
heat alone would have been intolerable. And the number of compo- 
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nents which would have had to been soldered together piece by 
plece also was prohibitive. 

There 1s much that can be done with integrated circuitry and 
transistors in combination. Of course some additional components, 
such as resistors and capacitors, are still required, but their numbers 
are vastly reduced. We invite your experimentation and research 
into other circuits than these which we will show you, for as a wise 
man once said “Nothing ventured, nothing gained.” 
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Fig. 3-19. Two electronic pulser circuits for pulse-width/pulse-rate radio-control 
systems using low-speed pulses. 
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A Unijunction Tone Oscillator 


Figure 3-25 shows a unyunction oscillator which is so simple 
that it would taken only a minute or two to assemble. It might be 
used as the foundation for any kind of radio-control system which 
needs a tone or multitones for its operation. 


Twin T Oscillator Circuit 


The use of resistors and capacitors to provide the proper phase 
feedback to give a notch acceptance of a signal makes possible a tone 
generator which is quite stable. The circuit is shown in Fig. 3-26. As 
can be seen from the little table, you can adjust the values of R and C 
to get different tones. An approximate formula for the tone fre- 
quency 1s: 


1 
P= 12) RC 
rp 
oat 


Of course R is in ohms and C 1s in farads. 


A Two Stage Oscillator 


If you provide positive feedback around two transistor stages 
the circuit will oscillate at some frequency depending upon the 
aggregate of the circuit values. Here the values of R1, R3, and Cl 
will govern, primarily, the tone frequency generated. In Fig. 3-27 
the circuit is shown. 


A Tone Selective Filter 


If you use tones to govern control functions, then you will want 
some circuit on the receiving end which will pass only a single tone 
and none other. One type of frequency-selective active filter is built 
around the integrated circuit N5741V, as shown in Fig. 3-28. 

While we are on the subject of relay circuits, examine the one in 
Fig. 3-29, which uses diodes to rectify the input tone and operate the 
Darlington relay amplifier. 


The Optical Coupler 


It is not beyond imagination to consider that there are certain 
types of control systems where the sensor input to a circuit which 
will control a relay or power stage must be isolated from the power 
circuits totally. The way to do this is to use the optical-coupler 
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Fig. 3-21. A three-transistor pulser for either relay or no-relay operation of the 
transmitter. 


circuit. In integrated form this is shown in Fig. 3-30. Of course you 
might use just the LED separately and then a photosensitive transis- 
tor (Radio Shack 276-130) to operate a relay or a Darlington amplifier 
which in turn might power a relay. In part (a) you see a possible 
circuit to operate the light-emitting diode. There are many kinds of 
light-emitting diodes so you choose one which will fulfill your needs. 
We have listed two possible types. In (b) is a possible relay stage 
operated from the light-emitting diode. You'll have to experiment to 
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Fig. 3-22. A filter circuit for electric motors in radio-contrel systems. 
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find a relay which has the nght value in coil ohms and current rating 
to work with your selected output transistor. In (c) is an integrated 
circuit LED coupler already set up to operate for you. It will isolate 
the input from the output. 


The Touch Tone Generator 


It is of interest in advanced radio control and other wireless and 
wired control systems that the telephone company has invented the 
touch-tone generator. We use these daily to connect ourselves to 
various other phones anywhere in the world. The touch-tone pads, 
as they are called, will generate 12 tone combinations of 2 tones 
each; thus, a 2-tone decoder is necessary in order to obtain function 
selection using this system. Let’s examine the tones generated: 


LOW TONES: — 697 770 852 94] 


HIGH, TONES:....1209(1) 1209(4) 12097) 1209(*) 
1336(2) 1336(5) 1336(8) 1336(0) 
1477(3) 1477(6) 1477(9) 1477(#) 


The numbers and symbols in parenthesis after the higher frequen- 
cles shows the number or symbol on the touch-tone key. When 
depressed these give the combination of tones shown. For example, 
depressing the number (1) on the pad produces the two tones 697 Hz 
and 1209 Hz. These are of course produced simultaneously. Touch- 
tone pads may be purchased at radio parts and supply stores. The 
frequencies are very constant and accurate, and thus you can use 
highly selective filters at the receiving ends to channel the tone 
commands as you desire. 

If radio transmission of the tones is desired as in the develop- 
ment of a radio control system, you must be sure that the modulation 
is linear and that the tones are not made to generate undesired 
frequencies because of nonlinearities in the system. The best way to 
check this 1s with a scope at the receiving end, attached to the audio 
output of the receiving device. One connection for the touch tone 
(ARRL Handbook) is shown in Fig. 3-31. 


A Two Tone Decoder 


One type of two-tone decoder is shown in Fig. 3-32. Here, two 
NE567 decoders are connected in tandem. These will handle the 
two-tone signals from any input source. When the correct two-tone 
signal (to which the decoder is adjusted) is fed-into the input, the 
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Fig. 3-25. A unijunction tone generator. 
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Fig. 3-26. Twin T Tone Generator. 
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Fig. 3-27. A two stage tone generator. 
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Fig. 3-28. An active tone filter for reception. 
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Fig. 3-29. A relay stage operable from a tone input. 
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Fig. 3-30. Some optical-coupler circuits. 
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Fig. 3-31. Connections to touch tone pad. 


decoder switching is accomplished through a link between pins 7 and 
8 of the units. The second decoder can key a relay-activating circuit, 
or a 7473 dual J-K flip-flop. If the latter 1s used, the first set of two 
tones sets the flip-flop, and the second set of the same two tones 
unsets it, restoring it back to its onginal state. 

A group of these decoders can be used to make up a selective 
filtering circuit for all the combinations of tones which the touch-tone 
pad can generate. Be aware that you must experiment with circuit 
values of this decoder in order to tune to the proper tones. As noted, 
you might well use a light-coupler connected to the flip-flop (7473) in 
order to oeprate a relay. That would be an integrated circuit. 

There is a tone decoder available from Radio Shack which 1s also 
an integrated circuit. It is the RS-567 or RS-276-1721. This can have 
a variety of uses in radio and remote control applications. A dual J-K 
flip-flop which might be used with the preceeding two-tone-circuit 
decoder is the RS-276-2427. You can investigate other types of 
integrated circuits to find those which will fulfill your needs. 

Just as a kind of final item in this grouping of circuits, we show, 
in Fig. 3-33 a simple tone decoder which can operate a relay. [he 
relay should operate on 6 volts and may be either a double pole 
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Fig. 3-33. A simple tone decoder. 
double throw (shown) or a single pole single throw (listed). The PLL 


stands for phase locked loop. This is an arrangement around the 
integrated circuit NE576. 
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Testing, and Soldering == 


We devote this chapter to some basic information which may or may 
not be familiar to you. If you want to construct a radio-control system 
from a kit or from purchased parts, you will have printed-circuit 
techniques facing you, as well as wire and parts soldering. Some- 
times it is nice to buy small experimenters boards. These permit the 
interconnection of parts without soldering so that you can see if the 
circuit will work, or you can experiment with component changes 
easily. In any event, we now give you some construction tips. 
Remember that most kits have test methods and adjustments as part 
of the construction procedure, using the meters or devices included 
in the kit; so all you need additionally are the tools and a knowledge of 
soldering techniques. 

Most of the tools we will need are illustrated in Fig. 4-1. These 
will be familiar, with the exception perhaps of the soldering tron and 
the solder. 


¢ Screwdriver, %4-inch tip 

¢ Screwdriver, ¥s-inch tip 

¢ Needle-nose pliers 

¢ Wire-cutting pliers; diagonal cutters 

¢ Insulated alignment tools with “%4-inch tip (get these from a 
radio parts store) 

¢ Assorted drills (1/16 to “% inch) and an electric or hand drill 

¢ Soldering iron, 37-watt pencil type 

¢ Box of rosin-core solder (not acid-core!) 
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Fig. 4-1. Most needed tools for radio-contro! construction. 


¢ Pocket knife 


¢ Wire-cutter/stripper, such as K. Miller 100 or 100-S 


¢ Small, fine file 


wire 


¢ Roll of 18-gauge flexible, tinned, insulated hookup 
¢ Carpenter’s brace and a %4-inch metal dmill bit 


¢ A good large mag 
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Fig. 4-3. Examples of a good and a bad solder joint. The bad one, obviously, is at 
the top. Note how the solder is unevenly melted. 


solder before we go a step further. It 1s not difficult; it just takes 
practice —so let’s practice. 

The first step is to plug the tron into an outlet and allow it about 
five minutes to heat. In the meantime, prepare two scraps of wire. 
Most wires have a rubber, plastic or enamel coating for insulation, 
and we must remove this from the two ends to be soldered together. 
A wire stripper, like the Miller 100 or 100-S, is handiest. A knife will 
do, but be careful not to nick the wire. All we want to do 1s remove 
the insulation or scrape the enamel until the wire shows bright and 
clean. “Tinned” wire is best—the tin coating makes soldering easier 
because there is (usually) no layer of tarnish to remove. 

The next step is to twist these two cleaned ends together to 
make a joint. This will apply to any parts we use later on. Most have 
wire leads that must be cleaned, and when they are connected to 
other parts, the joint must be strong mechanically. 

Take your iron and touch the tip to the end of a 6-inch length of 
the solder. See how it runs and flows down over the tip. It’s bright 
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Fig. 4-4. Printed c 


lated breaks. Not too much heat, either, but enough to get a 


good “melt” and bonding. Use your magnifying glass f 
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Fig. 4-3 shows a good and a bad solder joint. Practice soldering until 
you get this step thoroughly mastered before going ahead. 

The purpose of soldering is to make a perfect electrical connec- 
tion. When you have a bad joint, you have added resistance in the 
circuit, or you have no circuit at all. Either means failure. 

A final word. Always keep the tip of your iron bright and clean. 
As you use it, it will erode and pit and you will have to use your file to 
keep the tip squared up, as 1t was when new. A good system is to 
keep an old cloth around when using the iron. Every now and then 
wipe the tip, cleaning off the corrosion and excess solder that 
somehow always accumulates and blackens the tip. 


Printed Circuits 


Some of the circuits in this text will be built around printed- 
circuit boards. You should learn something about this type of con- 
struction especially if you (like me) are of the “old school” of point- 
to-point wired electronic construction. See Fig. 4-4. 

The first and probably the most important idea is that we can 
buy printed-circuit (actually etched-circuit) kits from any electronic 
mailorder house. A typical kit1s shown in Fig. 4-5. This kit contains 
everything that’s necessary so all you have to dois make a layout of 
the circuit you want to do up as an etched circuit. Use the resist paint 
or adhesive resist tape, and then follow the directions supphed with 
the kit to make your board. Of course you will want to be extremely 
careful about making your soldered connections perfectly tight, and 
you will want to be sure that all connections have the necessary 
copper link between them. The printed-circuit boards do make the 
construction simpler and often more sturdy, but you can use the 
wired type of construction with excellent results. 


SUBSTITUTIONS FOR TRANSISTORS 


It is impossible to list all the substitute types available for a 
particular transistor. I found a simple solution that I'll pass on to you: 
Visit a radio supply house such as Radio Shack, or write to one of the 
big ones and ask them to send you a complete set of transistor 
substitution pamphlets. There is a small cost for most of these, but 
they are well worth it. 

Once you have a replacement or substitution list, don’t be afraid 
to use alternate transistor types and experiment with them. Then, 
when I suggest a transistor you cannot get, you will know what to 
use inits place. The circuits shown are ageless —that is, they will be 
useful and usable forever. Only the numbers, names and physical 
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Fig. 4-6. A volt-ohmmeter built from a kit. 


It is always best to have the best kind of test instrument in as 
good a meter as you can afford; you can rely on it for accurate value 


e 


determination then. Of course if you go in for construction of a 


complete system built from scratch you will want a good oscilloscope 


and perhaps a VI'VM and grid-dip meter and signal generators. You 
might need to examine waveforms such as shown in Fig. 4-8. These 


* 


are of a modern digital receiver decoder. 


Just a little more information about the tester of Figure 4-7. 
In Fig. 4-7a, the meter is used to measure current. Switches 51 


and 52 should normally be closed so that you will not damage the 
meter by connecting it into a circuit that passes too much current 
through it. If the reading is too low, you would open S2 first. If the 


e 


reading is still too low, then open Sl. The meter is most sensitiv 


(measures the lowest current) when both switches are open. It is 
easily damaged by passing too much current through it in this most 
sensitive condition. Be careful! The logical choice for S1 and 52 is to 
use normally-closed spring-return pushbuttons. 

As a voltmeter, the circuit in Fig. 4-7b works nicely. With a 
rotary switch you can select the range you want. The circuit in 4-7c 
is for measuring resistance or continuity. The 4.5-volt battery 
shown here will allow measuring ohms with reasonable accuracy up 
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Fig. 4-7. Basic volt-ohmmeter circuits. 
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Fig. 4-8. Waveforms of a modern digital decoder. 


to about 50,000 ohms, and will give a usable indication of higher 
resistances up to about 500,000. To measure these high volues 
accurately requires a higher-voltage battery. 


PRINTED CIRCUIT SOLDERING TECHNIQUES 


Because almost all electronic construction nowadays 1s 1n- 
volved on printed circuit boards, let us examine for a few moments 
some of the techniques and concepts which are accepted practice in 
putting together such soldered circuits. We want to remember that 
there is involved not only the assembly, but often the removal and 
replacement of parts from a printed circuit board. Usually this latter 
is done at a factory or service repair shop, but you might do it if you 
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know how or cannot get to one of the other agencies which do this 
kind of work. 


In a printed circuit it is essential that you remove solder from 


each joint so it doesn’t flow around and make a mess on the board and 
short out the printed circuit wiring when you are assembling or 
replacing parts. There are some methods of doing this, neatly and 
professionally. Let’s examine them. 
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Wicking. In this method, stranded copper wire or braiding 
saturated with flux is applied to the solder joint between the 
solder and a heated soldering iron tip. The combination of 
heat, molten solder, and the air space in the wick causes the 
solder to run up into the wick so that an excessive amount 
doesn’t appear on and around the joint. Also, this method 
can be used to attract solder when it is necessary to remove 
old solder from a joint which has been soldered only on one 
side of a printed board. This kind of soldering attraction 
should not be used for through-the-hole solder joints be- 
cause the hole-type joint will hold the solder more firmly and 
it will not go into the wick. Of course you must always 
saturate the wick with liquid-resin flux and use a new section 
each time you want to attract solder from a joint. 
The suction method. This is a very common type of opera- 
tion with printed circuits. There is a bulb, hand squeezed, 
which has a nozzle which is applied to the joint, and the bulb 
is then squeezed. The joint is heated, solder flows, and the 
bulb is released so it sucks up the solder from around and 
through the joint area. The process can be repeated as many 
times as is necessary to get the joint loose to remove a part. 
Sometimes, when the part lead is through a hole, the 
solder cannot all be removed and so the lead is not free. You 
must then remove the lead by application of the soldering 
iron tip long enough to get the solder flowing inside the hole 
and pull the lead out with some tweezers or sharp tipped 
pliers. [f the part has many leads and you cannot do this, as 
with some integrated circuit components, you must work at 
it by heating and vacuum suction of solder until you do get 
the leads free, or heat the board and shake it or tap it 
vigorously to cause the solder to run out of the hole area. 
Just heating. Sometimes you can just heat the soldered area 
and pull the part lead out. This applied when you have, say, a 
resistor or capacitor lead to extract. Then you must go back 
and remove all the excess solder from the joint location by 
the bulb vacuum or the heat-and-tap or«heat-and-shake 


method. In some factory applications it has been found that 
when a part has multiple leads, one can dip the soldered 
area, carefully, into molten solder and thus heat all joints 
simultaneously and then pull the part out of its multiconnec- 
tion socket or printed circuit location. We don’t recommend 
trying this, for radio control experimenters may not have 
the facilities or experience to do this without damaging the 
parts. 

The manufacturers’ method. These agencies use a device 
which is a combination soldering iron, air blower, vacuum 
suction tip, anda collecting chamber for the excess solder in 
the instrument handle. With this you can apply heat at the 
same time you get suction to pull the solder away from the 
joint. Some parts stores, such as Radio Shack, have devices 
which approximate this operation and which you can get and 
use to assemble printed circuit systems. It 1s also to be 
noted that sometimes a blast of air through a tiny hole will 
blow the solder away from a joint to free a part lead. So you 
might use your suction bulb in this reverse manner, but be 
careful not to blow the solder onto undesired areas of the 
printed-circuit board. 


We have found in our own experimentation that it was neces- 
sary to inspect the area in which we were soldering very carefully 
with a magnifying glass to be sure we didn’t get solder flowing too 
freely and thus overlap the printed-circuit conductors in places 
where this shorting was not supposed to take place. Sometimes we 
had to use a combination of heat and a small scraper made from a 
sharp knife tip to remove these little, dangerous, and undesired 
devils. Of course we had to be careful also not to cut into the board or 
printed wiring and thus make other problems. We suggest that you 
use great care, patience, and work only a short time interval before 
taking a rest break if you are assembling printed circuits. Thus you 
may not have difficulty. Use only the wattage soldering iron recom- 
mended, or at best not over 47 watts, and keep its tip sharp, chisel 
sharp, clean, and tinned. Wipe off any excess solder on it every time 
you use it. Apply the heat carefully and no longer than necessary to 
get a good joint. Use the smallest diameter solder —with a flux built 
into it—resin core of course, that you can get. Good luck. 
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Building A Simple 
Short-Range R/C System 





You read about radio-control systems and soon find that they are 
used with model airplanes and boats and cars. Then you realize that 
you re unable to get a location where you can operate such a model, 
or unable to invest the amount of money required for such models 
and equipment. So you might feel you can’t experiment with radio 
control. Not true! 


THE HOME SYSTEM 


The system described in this chapter was designed (if we can 
consider it to be a designed system) with that very thought in mind. | 
felt that you might want to try your hand radio-controlling some small 
model in your living room. A racer, or several, might be built using 
this idea. The basic ingredient 1s simply a small five- or six-transistor 
broadcast radio you can usually buy for around $4 to $8. i 

You might also use a dime store walkie talkie which can send a 
tone by button control. Two of these may sell for about $15 as of tnis 
writing so you might use one as transmitter control station and one 
for radio-control receiver station. The modification to the output to 
operate a small relay is the same for broadcast or CB type units. You 
will probably get some interference if you use the CB units, but 1f you 
control a small car, no damage will result and you can try your hand at 
construction of a small radio-control system. Give it a try: 

Figure 5-1 shows how you can take such a receiver, disconnect 
one lead from the speaker (or both if you don’t want to hear your 
signals) and connect the leads to a small transistor output trans- 
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Fig. 5-1. Small transistor portable modified for short-range radio control. 


former. This in turn 1s connected to a transistor and a relay anda 
separate nine-volt battery as shown. The connection in the inset 
drawing is to show how to connect the transformer’s 3.2-ohm 
winding in series with the speaker. We use this method so we can 
hear the signals as the receiver gets them, and thus tell that we have 
the transmitter and receiver in tune. 

The transmitter for this system is a simple short-range “wire- 
less microphone” type of circuit, modified to include a tone oscil- 
lator. It operates at the high end of the broadcast band (around 1,500 
kHz). Figure 5-2 is the schematic. 

This circuit is exceptionally easy to adjust. Simply tune the 
receiver to a spot at the high end of the dial where there is no station. 
You will probably need to open the case and wrap a turn or two of 
insulated wire around the tuning antenna coil (the black powdered- 
iron bar near the top of the receiver case). Bring out about two feet 
of this wire for an antenna. You can leave the other end free, connect 
it to the receiver ground (or common). Tune the receiver to high end 
of dial, turn volume full on. Now tune the transmitter coil by adjusting 
the slug until you hear the tone in the receiver. Tune the transmitter 
to get the loudest tone from the receiver. With the receiver volume 
control at maximum the receiver relay should now close. If you open 
and close the tone switch, the relay should open and close. 
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Use about 6 to & feet of antenna on your transmitter, for the 
power output of this transmitter is very low. Low power is used to 
stay within the FCC restrictions for the wireless-microphone-type 
transmission. 

Once you have the receiver and transmitter adjusted, you can 
disconnect the speaker by shorting across its terminals so that the 
connection from the receiver output transformer to the relay circuit 
transformer is direct. I chose to leave the speaker in so I could tell if J 
needed to retune the transmitter. I found some drift, so when the 
tone got weak or the relay circuit didn’t work, | simply adjusted the 
transmitter for loudest tone again. You will have to expernment with 
this circuit, but you'll find it’s easy to build and operate, and it will 
radio-control a number of devices around the house in addition to the 
models. 

If you want to increase the range of this kind of system, you can 
either purchase or build one of the tone-transmitting devices de- 
scribed in this book and then add a converter circuit to the broadcast 
receiver. You will already have the relay part of the circuit completed 
and tested. In this way you can increase range and stability and get a 
good system for cars or boats. I donot recommend this type system 
for aircraft. Aircraft are too touchy and need the best kind of 
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Fig. 5-2. Schematic of the wireless broadcast transmitter. « 
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equipment all the way through for satisfactory operation. The other 
radio-control receivers described in this book ave suitable for planes 
and usable with the radio-control transmitters described later. 


COMMERCIAL UNITS 


We do recognize that there are on the market, especially in toy 
stores, little radio controlled cars which have a receiver and trans- 
mitter as a part of their system. They are very simple and they too 
sell, as of this writing, for around $12 to $16. You might get one of 
these and play around with it as it is, then take out the transmitter 
and receiver units and adapt them to some other device you want to 
radio control. They use below 100 mW which its the license free 
citizens band spot under Part 15 of the FCC Rules and Regulations. 
You'll get some interference also at times using these units, but not 
enough to keep you from enjoying the fun of operation and ex- 
perimentation. 
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ransistor Transmitters 


a 


This transmitter is a fine example of an up-to-date unit with excellent 
radio-control capabilities. It is included here by courtesy of David 
Jansson and Grid-Leaks. The circuit (Fig. 6-1) consists of a 
common-emitter overtone oscillator at 27 MHz followed by an un- 
neutralized common-base power amplifier. The method of modula- 
tion (Q3) minimizes the effect of peak modulator current on the 
batteries to keep the current drain low. Because it cannot modulate 
100%, however, the range of the unit is somewhat limited when 
used with a super-regenerative type receiver. Still, it should be 
adequate. There is plenty of modulation for superhet receivers. 

The power supply for the transmitter can be of either type 
shown 1n Fig. 6-2. 

The tone section of the modulator produces a tone of about 
3,600 Hz which is pulsed at about 20 Hz in such a manner that the 
width or transmission time of each pulse can be varied. This 1s the 
type signal used in the pulse-width-rate variation control system. 

The basic circuit of the tone unit is alow-rate multivibrator (Q5, 
(J6) with a control stick that operates a potentiometer to vary the 
pulse width. This multivibrator drives a transistor switch (Q7) which 
turns on and off another (tone) multivibrator (Q8, Q9) whose fre- 
quency 1s stabilized by a tuned circuit. You might have to wind your 
own coils, but you can try buying them from Ace Radio Co., Hig- 
ginsville, Mo. A two-transistor switch coupled to the tone modulator 
modulates the final power amplifier. 

The transmitter is constructed on a printed-circuit base. You 
can cut out Fig. 6-3 and use it as a template to put the tape or paint 
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Fig. 6-2. Power supply circuits for transistor transmitter. 


resist on your printed-circuit kit board. The pattern as presented 
here is about % actual size. 

Notice that the dark sections of the board are metal that re- 
mains after the etching solution has dissolved away the unprotected 
areas. 
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Figure 6-4 shows how the components are placed on top of the 
circuit board. This is the insulated side of the board—the side 
without foil. If your components are not quite the same as the ones 
sketched in Fig. 6-3, you may have some trouble fitting them to the 
board. You may want to collect all the parts first and then make any 
necessary changes in the etch pattern (Fig. 6-3). The tuning proce- 
dure for this transmitter applies to almost any transistor transmitter. 
It is similar to the method used with tube transmitters. Carefully 
check your construction against the circuit diagram before you start 
tuning up. 


TUNING UP 


1. Connect the antenna. 

2. Back off the adjustment screw of Cl three turns, C2 one 
turn and C3 about % turn. 

3. Place a 50-mA meter in series with the 51-volt supply lead 
so you can head the oscillator current. Adjust Cl for a “dip” 
or minimum reading. This should be 15-20 mA. Back 
away slightly from the absolute minimum, just as you do 
with a tube oscillator, so the oscillator will start readily. 

4. Adjust C2 for maximum antenna-meter reading. 

5. Adjust the antenna tuning network (C2 and C3) by trial and 
error. Repeat until you get maximum loading. Change C3 
in small steps. For each small adjustment of C3 the antenna 
meter must be peaked (set to maximum reading) by adjust- 
ing C2. You're looking for the highest maximum reading 
you can get, between half and full deflection. 

6. Have your transmitter checked by a commercial radio 
operator who has precision measuring equipment and a 
First- or Second-Class Radiotelephone license (not a ham 
license) according to FCC regulations. 


THE TONE SECTION 


The second part of this transmitter 1s the tone and pulsing 
section. The circuit is shown in Fig. 6-5; the printed-circuit base 
layout in Fig. 6-6. 

The parts layout on the circuit board is shown in Fig. 6-7. A 
Rameco SMTF filter was used in the original model. You might use 
the 3,500-Hz filter described in Fig. 1-25 instead of the SMTF coil 
and .0l-uF capacitor across It. 

Wire the tone section, inserting the transistors last. Check 
your connections and soldering, then connect the tone section to the 
transmitter. ; 
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When you apply power to the circuit now you may hear a pulsing 
tone if you listen closely. The antenna meter should be pulsing 
slightly, if the transmitter is being properly modulated. You may 
hear the pulsing in a nearby broadcast receiver. 


THE ANTENNA 


The antenna is one of the most important parts of the transmit- 
ter. It must be correct if you want maximum range. The details of the 
antenna used are shown 1mn Fig. 6-8. 


1. End knob of wood or plastic. 

2. This section from 1/16 music wire, 33 inches long. 

3. Put small bends in the wire here to make a tight fit into the 
brass-tubing section. 

4. A piece of ¥%-inch polystyrene rod to support the antenna 
sections and loading coil. Bore each end with a 5/32-inch 
drill, % inch deep. 

5. Solder the end of the music wire into a piece of tubing 5/32 
inch outside diameter and put this into the loading coil core. 

6. Wind the loading coil, 35 turns of No. 22 magnet wire, 
closewound. Connect one end to the antenna top section 
and the other end to the top of the lower antenna section 
(which is 22 inches overall length of %-inch music wire). 

7. Connect the end of the 4%-inch music wire (bottom section) 
to an antenna plug so it can be connected and disconnected 
from the transmitter. 


A SECOND VERSION OF THE TRANSISTOR TRANSMITTER 


The basic transistor transmitter just descnbed can be modified 
for use on 54 Mhz and 72 MHz, as well as 27 MHz. Its tone-pulser 
section can also be changed to eliminate the coil-capacitor filter. 
Figure 6-9 shows the new circuit diagram. 

This diagram includes the rf section and the basic modulation 
section. Notice that the input from the pulser in Fig. 6-10 is labeled 
A, at the left side of the circuit. Q5 operates when the escapement 
control option is used, so the pulser of Fig. 6-10 is not necessary. 
When the pulser of Fig. 6-10 is used, Q5 is bypassed. 

There are options available. You can choose the type circuit you 
want, depending upon whether you want escapement control only, 
pulse rudder with either fast pulse or tone off-on engine control, or 
pulse-width-pulse-rate rudder-elevator control with tone off-on en- 
gine control. Option no. 1 is escapement (Fig. 6-10b); option 2 uses 
circuits Fig. 6-10c and d; and option 3, Fig. 6-10e and f. Note that 
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Fig. 6-6. Printed-circuit base for the tone section of the transmitter. 


these option circuits connect to the modulator of Fig. 6-9 and to the 
circuit of Fig. 6-10. 

Figure 6-11 1s the printed-circuit pattern for the transmitter and 
pulser. 

Figure 6-12 illustrates the parts layout on top of the base board. 
The pulser is built onto the same board as the transmitter. 
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Fig. 6-7. The parts layout (top view). 
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Fig. 6-8. The half-wave antenna for the transistor transmitter. 


NOT TO SCALE 


Circuit Notes 


Again the transmitter uses a biased common-emitter oscillator 
that drives the final through an impedance-matching link coupling for 
maximum energy transfer. To operate on 54 MHz the crystal- 
oscillator emitter resistor R2 (Fig. 6-9) must be reduced to 47 ohms 
from 100, and the base resistor R1 to 10K from 12K if the crystal is 
not too active. 

The final operates in Class C andis 100% downward-modulated 
by modulation-transistor Q3 at the tone frequency. The antenna 
connection and tuning are the same as the previous transmitter 
except that at 54 MHz the antenna must be changed to a half wave at 
that frequency, which is 9 feet 2 inches. A loading coil would reduce 
the required length. 

The tone oscillator uses a unyunction transistor coupled to an 
npn transistor biased to act as aswitch. This switch is in turn coupled 
to the transistor modulator. Resistor R9 in the built-in tone oscillator 
insures a sharp turnoff when the connection point (A) 1s removed 
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from the 9-volt supply by the switching transistor or by an ordinary 
relay. The variable-bias npn transistor-switch Q7 in the pulser fol- 
lows the unyunction oscillator to provide pulse-width control. If the 
capacitor 1s changed, the variable resistor in the RC network of the 
oscillator option (Fig. 6-10f) allows variable pulse rates up to 40— 950 
pulses per second, and down to 15— 20 pulses per second. Note the 
values indicated in Fig. 6-10. 


Operation on 70 to 74 Mhz 


The transmitter can be redesigned to operate on the new 
radio-control channels by using the oscillator described earlier in the 
book for a 70- to 74-MHz output, Fig. 2-lc. You might obtain a 
complete crystal oscillator, such as the OT-61 from International 
Crystal Co., Oklahoma City, and then build a power amplifier for it 
along the same lines as the ones described here. The principal 
change to the power amplifier would be to reduce the number of 
turns on L3, the tuning coil. The antenna should be cut to about 3% 
feet. 


TRANSMITTER CIRCUITS 


The construction details of the previous transmitters have 
given you some concepts of how to use printed circuits and how to 
assemble the transistor transmitters which are used nowadays. The 
way to develop a printed circuit is to get the parts specified in a 
diagram, lay them out in the best wiring arrangement, then deter- 
mine what printed-circuit lines need be used to connect the parts 
together. You may have to use several sheets of paper and black 
lines connecting the parts before you come up with what you con- 
sider to be the best arrangement. Then you transfer your diagram 
onto a printed-circuit board. These are available from Radio Shack or 
elsewhere; use their instructions and kit in making your printed- 
circuit board base. It isn't difficult, but it takes a little planning, 
imagination, and experimentation and perserverance to come up 
with a nice neat arrangement. Do it on paper first, then transfer the 
idea and circuit connections to the printed-circuit board base. 

With this idea in mind, then, we give you some circuits which 
will form a basis for good radio-control transmitters. You can de- 
velop the physical layout from these circuits. Please realize that the 
layouts may have many different arrangements; for example, one 
transmitter printed circuit designed to fit over a control stick gimbel 
system is shown in Fig. 6-13. 
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Now examine the two circuits of Fig. 6-14. In (a) you see a 
simple oscillator which might be tone modulated, and at (b) you see a 
simple transmitter which already has a simple tone modulator in- 
cluded. These are for short-range, low-power applications, and are 
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Fig. 6-10. The pulser section with various options. 
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designed to operate in the 27 MHz band of spot frequencies allocated 
by the FCC. If coil changes are made and appropriate crystals used, 
they could operate in the higher frequency ranges of 53 and 72 MHz. 

Since these transmitters may have an output of less than 100 
milliwatt, they can fall into that category specified in Part 15 of the 
FCC Rules and Regulations for the non-licensed type of transmitter. 
You might use a shorter antenna than the %4-wave type to keep 
emissions from going beyond the permissible range. A loading coil in 
the antenna will reduce its physical length to 2 to 3 feet for home 
experimentation use. 


TWO MULTISTAGE TRANSMITTERS 


The two transmitter circuits shown in Figs. 6-15 and 6-16 
(courtesy Kraft) have been used with digital modulation. Thus they 
are adaptable for high-speed pulsing if such off-on type signals are 
applied at the modulation points, or they could be amplitude mod- 
ulated with tones by a slight adjustment of the circuit. Of course if 
you apply a multivibrator output to the specified modulation points 
and set this multivibrator to run at, say, 1,000 Hz or less or slightly 
more—in the audio range at least—then you will have good modula- 
tion by a tone which the receiver can interpret as such. Coils are 
wound on ™%-inch slug-tuned forms. 

With a change in tuning these same circuits can apply to the 
72-Mhz band. Note that there are some changes in the values of the 
coil tuning capacitors. 


A TRANSMITTER WITH A WIDTH CONTROL TONE PULSER 

Ace R/C makes this unit as a kit. They also supply a receiver 
and actuators (Adams actuators) to go with the unit. It has as an 
output a tone whose width can be varied to operate the tail wagging, 
nervous, type of proportional-control system. In this system the 
rudder moves all the time and its dwell time on either side is 
controlled by the pulse width of the tone which is transmitted. The 
airplane will then turn in the direction that the rudder spends most 
time in, slowly for a shght difference, and quickly for a full and 
nonmoving rudder, which occurs at the width extremes of full-on 
tone and no tone transmitted. 

The circuit can be adapted by the experimenter to a kind of 
single-tone transmitted system by taking the output of the tone 
section at the bottom and making its tone output constant at equal on 
and off intervals. You might also adjust the multivibrator using the 
2N5129s so that it gives a constant tone of about 1,000 Hz and key 
this. You can then use a receiver to detect the tone, and cause a relay 
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Fig. 6-13. A single channel transmitter, tone operated, on a printed circuit board 
base. (Courtesy Ace R/C) 
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Fig. 6-14. Two single-stage radio-control transmitters. | 
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to be operated by a transistor, or operate an escapement by a 
transistor directly. We give you this circuit for your general informa- 
tion, and if you want to build a kit of it or the next circuit, write Ace 
R/C. The pulsing tone width circuit is shown in Fig. 6-17. 

And the little circuit shown in Fig. 6-18, also a kit from Ace R/C 
does just that; it produces a single tone and has a key to operate the 
tone when you want to send it. It uses an 8.6 volt rechargeable ni-cad 
battery supply and can be obtained on any of the radio control 
frequencies. 

Transmitters are relatively easy to construct, but be careful not 
to violate the FCC regulations. Have yours checked by a properly 
licensed engineer so you don’t build one that has more than Part 15 of 
the Rules and Regulations permit. You might want to write the FCC 
and get a copy of the Parts 95 and 97, which are concerned with 
amateur and citizens-band (which radio control falls into) require- 
ments and specifications. 
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7 
Radio-Control Receivers 





There are two basic types of radio-control receivers. They are the 
superregenerative-detector, audio-amplifier type and the conven- 
tional superheterodyne type, which uses 1-f bandpass filters followed 
by a detector and amplifier, just as the broadcast receivers use. 


THE SUPERREGENERATIVE RECEIVER 


The superregenerator, which has a very high sensitivity and 
automatic gain control (AGC) action in that it will select and pass only 
the loudest or strongest signal it receives, also has a primary disad- 
vantage. It does radiate a signal, which is weak, but which can be 
received on the very sensitive superheterodynes and thus cause 
them to malfunction. You cannot use a superhet and a super- 
regenerator on the same or even close spot frequencies at the same 
time at the same flying field or race or yacht basin without having 
interference problems. 

In days past the regenerator was preferred over the superhet 
because of size and economy of battery drain. It was very small, as 
shown in Fig. 7-1. I always liked this kind of receiver. It had a broad 
tuning characteristic, attractive because if your transmitter got 
slightly off tune it didn’t affect the operation. Also the AGC action 
made it nice because it rejected spurious signals and interference 
pretty well. It is easy to build, being simply a detector, audio 
amplifiers, and some rectifier to change the audio to DC to operate a 
relay stage, such as the Darlington pair of transistors followed by a 
relay. And so it has been used, and still is, in some areas for some 
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Fig. 7-1. A superregeneration receiver for radio control. 


models. It has an excellent range of operation when properly ad- 
justed and tuned. 

The best evidence of proper operation of such a receiver 1s 
obtained by using earphones. The intermittent action of the detector 
will produce a hiss, and this should be quiet and smooth, not loud and 
erratic in sound. Of course this is heard through an audio amplifier of 
a couple of stages of transistors or an integrated circuit. When the 
carrier of a transmitted signalis received, the hiss vanishes, and you 
hear no sound at all. This is a very pronounced silence, easy to 





Fig. 7-2. Amodern R/C superheterodyne receiver. Note i-f cans & screw adjust- 
ments. ' 


identify. Finally, when the tone is transmitted it will come through 
loud and clear. It is interesting, and important, that this detector, 
with its AGC action, will keep the receiver from swamping at close 
ranges—although you can overload at very close range —and will let 
the sensitivity build up at distance to keep the signal received strong 
and active as presented to the relay stage. Some superregenerators 
have been used to detect pulses of rf but they have to be carefully 
constructed, and that is more of a problem. Tone pulses are no 
problem, however. The superregenerator is used currently in many 
toys. 


THE SUPERHETERODYNE 


The superheterodyne, which was once considered a problem 
because of size, is no longer too large or bulky or requires too much 
battery current. That is very evident in Fig. 7-2. 

The superhet is the best kind of receiver to use, and many 
types are available nowadays. These can receive both tone or rf 
carrier pulse signals, and they are found as a part of every good 
digital-proportional radio-control system. 

It is interesting that some of these receivers have special 1-f 
filters which permit the removal of tuning adjustments. The Heathkit 
model, for example, uses a ceramic filter for this purpose which 1s 
only about %4-inch square. This gives excellent selectivity, small 
size, and makes a nice small receiver possible on a small printed- 
circuit board. 





Fig. 7-3. The installation concept for a superhet receiver. 
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But the big advantage of the superheterodyne is Its selectivity. 
Since it can use a crystal oscillator, tuned to a different frequency 
from the ones being received, and since crystals are notorious about 
maintaining their frequency-generation stability, you will receive 
only one signal—that one to which the receiver is tuned by its crystal 
and tuned circuits, and no other. Since the selectivity is so great, if 
your transmitter gets off just a small amount (which it doesn’t 
because it also is crystal controlled) you would not receive its signal 
at all. This means that several such sets of equipment can operate at 
the same time on relative close spot frequencies. 

Not only 1s the selectivity of primary importance for racing and 
rejection of interference etc., but the fact that you have 1-f amplifica- 
tion as well as audio or pulse amplification, and ahead of the first 
detector you have rf amplifiers, means that this kind of receiver can 
operate at ranges never considered possible with a small-output 
transmitter and a superregenerative receiver. Yes, the modern 
radio-control receiver, the superheterodyne, is fantastic in opera- 
tion, size, capability, selectivity battery drain, and ruggedness. The 
installation of a small superhet receiver package in its plastic wrap- 
ping to prevent possible oil seepage from the engine, but less its 
foam rubber wrapping which is always used with this kind of installa- 
tion, 1s shown in Fig. 7-3. 

Of course in this photograph the airplane was not finished but at 
this point in the construction of the airplane it was necessary to 
consider the radio-control equipment installation to check balance 
and space and to put in such fixed parts of the installation as were 





Fig. 7-4. The Bumble Bee landing perfectly. 
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necessary while the airplane was being built. This also includes the 
servo, or escapement or actuator and push rods or torque rods and 
cables and switches and so on. When all this is done, then the model 
is covered and finished. 

Well, we should not leave you with just the pie and not let you 
vicariously take a sample of the eating. So we include in Fig. 7-4 a 
photograph of a model—we considered this one because it was 
different from the ordinary type model—the builder called it the 
Bumble Bee, gave it eyes and antennas, a rod tail and long thin nose 
section, just to feel free to build something he found exciting to 
construct, and it flew like a dream. Here it is coming in for a perfect 
landing. The Sunday crowd loved it. 


RECEIVER CONSTRUCTION 


What about receiver construction? Well we have given you ina 
previous chapter some superregenerator detectors circuits and also 
audio amplifiers and relay-amplifier circuits. You simply have to 
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Fig. 7-7. Superhet R/C receiver. 


experiment with these and put them together to get this kind of 
receiver and use a small transmitter for a testing device. As we have 
said, also, you might buy a small toy system and extract the receiver 
from that and use its transmitter for some kind of control system of 
your own Imagination at short range of operation. Also, to show you 
how simple such a receiver might be, we call your attention to Fig. 
(ey 

We also include two diagrams of superheterodyne receivers 
Ace R/C furnishes a kit or completed construction of the receiver, 
and they also have units on the 27 MHz spots. Figure 7-6 shows the 
general layout. 

This receiver was used to drive an Adams actuator which 
requires a pulsing output. If you want to use this receiver with a 
relay, then you might omit the last four transistors and break the 
circuit at X and add a relay stage at this point. Ace also makes 
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available a superhet receiver which has the relay-stage output al- 
ready included, but they do not supply the relay. 

A standard type of R/C receiver is the one shown in the 
schematic in Fig. 7-7. Courtesy of Kraft, this has improvements 
made yearly since this diagram and circuit were introduced. We 
include it here because it does represent very clearly the superhet 
you might be familiar with, yet one which is used in radio-control 
applications. It also is rather simple in concept. The primary point of 
focus when using this kind of receiver for radio control is the 
crystal-controlled local oscillator, and you must be sure that its 
frequency is exactly such that the difference between its frequency 
and the frequency you want to receive will be the frequency of the 1-f 
transformers. 

We do not, in general, recommend that you try to construct a 
superhet unless you have the necessary test equipment to check its 
tuning and adjustment. This is particularly true if you have tunable 
i-fs. As we mentioned, the Heathkit R/C receiver uses a nontunable 
ceramic 1-f filter (three of them) which requires no tuning or checking 
or adjustment, and so you can construct this receiver almost as 
easily as you can a three- or four-stage super-regenerator. This 
would apply to any R/C receiver which uses that kind of nontunable 
filter. So you might construct one of them as easily as we did. 


INSTALLATION 


Although modern radio-controlled receivers are small, rugged, 
and reliable, you do want to use some care in the installation and 
maintenance of them. It is always best to wrap them 1n a plastic 
covering to keep any oil or methane fuel from getting into the parts. 
You do want to wrap them in three or four layers of ¥%-inch foam 
rubber to keep vibration from weakening solder joints and also to 
keep the units from breaking up physically if you crash an airplane. 
Wrap them in waterproof coverings if you use them in a boat, as the 
(salt) water can cause very damaging corrosion. Any kind of water 
and air can do that of course but salt water 1s the worst. Use rubber 
bands to mount them in model cars. You normally do not use foam 
rubber here in this type of model. Keep your cables from vibrating 
and check the plug joints often to be sure they don’t expand and 
spread and weaken and come apart with vibration or do not make 
proper connections. Check often for broken cables or that some 
strands of the cables have broken and you are operating on a single 
strand the size of a thread. Keep the receiver out of extremes of 
temperature, such as inside cars with windows closed and sunlight 
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on the car or model through the window. Be sure your switches are 
not located where they can fill with fuel and dirt. Be sure they are 
clean and positive acting. Keep your batteries charged, or changed if 
you use dry cells. Make yourself a pilot’s checklist to prevent 
trouble; give good maintenance and installation and use it. Keep ’em 


flying. 


hag 


Servos— The 
Muscles of the System 





In this chapter we will first examine some very simple, but effective, 
devices which can give you steering muscle. The devices we 
examine here are called servos which comes from the Latin meaning 
slave. The only importance of this to us 1s that the servo responds to 
commands it received electrically or electronically and converts 
these commands into a good strong and quick mechanical motion. 
We need that, of course, to move rudders and steering wheels; we 
also need motors which can rotate for a given number of turns, stop, 
and then be reversed on command to wind up jibs and mainsails on 
model boats. When we use the rotating type of machinery we also 
need limit switches to keep them from rotating too much, and on 
some servos we also need limiting (motion) switches which cut off 
the drive electricity when the extreme of the mechanical movement 
In either direction has been reached. 


SERVO OPERATION 

In our book Model Radio Control, TAB book No. 74, we show 
and discuss limit switches in great detail, so we refer you to that 
work in case you need that kind of electronics in your particular 
model. But nght here we also need to note that with the modern 
servos used in model airplanes, Fig. 8-1, there is a built-in poten- 
tiometer which gives a feedback electronically of the output-arm 
position so that you have constant limiting to permit exact and 
proportional positioning of the output arm and shaft. That, of course, 
is how we get proportional control, which is so necessary with our 
current airplane models and desirable for model race cars and boats. 
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Fig. 8-1. A modern radio control servo. (Courtesy Ace R/C) 


These servos come as kits and are available as separate units 
from the various manufacturers, or you can buy them as complete 
units, but of course they are designed to work with a digital control 
system and would have to have some modification to work with any 
other kind of system. Figure 8-2 shows one kit package from Heath- 
kit. 

You see that an integrated circuit is used as well as separate 
motor-drive transistors, and the printed circuit board on which all 
these electronic parts are mounted. The small but powerful motor 
and its plastic gearing are shown on the left, and the case is at the 
top. The feedback potentiometer, which comes in two parts, 1s 
located just to the lower left of the printed-circuit board. 

By now you might be wondering what a circuit of this unit looks 
like, and so on Fig. 8-3 we show you. Notice how the wiring 1s 
simplified by use of the printed-circuit located just above the 
printed-circuit board in Fig. 8-2. 


SERVO CIRCUIT 


On the schematic notice the dotted line from the motor shaft to 
the feedback potentiometer. This potentiometer is geared to the 
motor gear-train output shaft and so controls the exact position of 
the rudder, elevator, or whatever moving arm. A cased servo ready 
to use in an installation is shown in Fig. 8-4. 

Then, of course you want to see how it might be installed in, 
say, a model airplane; well Fig. 8-5 shows you this arrangement 
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using separate servos. Remember, though, that some control sys- 
tems have the servos built in as part of the receiver package, and 
this cuts down on cables and makes a nifty installation in one, two, or 
three pieces. Usually the motor control and aileron servos are 
Separate with these brick packages. EK-Logictrol and Kraft have 
such units and other manufacturers do also. 

Of course we always like to see just exactly how the final 
installation might look, and so in Fig. 8-6 we show you one example. 
The receiver and battery pack, in form rubber, are located to the 
rear of the servos. This helps to give proper balance to the aircraft. 
That, incidentally, is one advantage of having the servos and battery 
and receiver all separate. When testing the system a separate 
battery pack is connected through cables, and, if you look sharply 
just below the wheel, you will see such a testing package. 

Notice the wing servo behind the hand. It is just visible. This 
Servo controls the ailerons and thus must give a push-pull motion 
from its linkage so that as one aileron goes up the other goes down. 
That is easy to accomplish using the two-sided arm furnished with 
these servos. 

Well, as a final current example of how servos are used, look at 
Fig. 8-7, where we have a model race car and its two servos which 
control steering and accelerator and brakes. The accelerator and 
braking operation are combined so that as you advance the ac- 
celerator servo the brakes release, and as you slow down the brakes 
are applied. Again a mfty arrangement which makes for fast and 
accurate control of the car in races. 

It is easy to see the linkage which connects the front servo to 
the steering-arms linkage. Notice also the packaging of the receiver 
(on left) and battery package (on nght) of body frame. These are 
wrapped in plastic and foam rubber to prevent oil or fuel from getting 
into them, and they are suspended in slots provided with heavy 
rubber bands. That keeps the vibrations from affecting them. In our 
book Model Radto-Control, we have a full chapter on model cars 
using electric power and a later chapter on this kind of automobile 
model. You might want to examine that work. 

In Fig. 8-7 we can also learn something else. If you will examine 
the steering linkage you will see how you might arrange such to work 
with the simpler servos which we now show you how to construct. 
We do not recommend these following simple servos for use in 
model airplanes unless they are very stable and fly very slowly, but 
they may have other uses in cars and boats and other devices such 
as, perhaps, robots. Now let use examine these small devices and 
learn about them. : 
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Fig. 8-2. The servo package components from Heathkit. Note dime for relative sizes of parts. (Courtesy Heath Company) 


In the previous chapter, you connected your receiver to a small 
motor and started and stopped it at will by sending a command or not 
sending a command. To make this motor turn to any one of three 
given positions and stop, which is our requirement for steering, 
cams must be added and we must also learn something of a new 
method of sending commands by pulses. 

Perhaps you are wondering about the name sevvo. In radio- 
control applications, this word is applied to any device that produces 
mechanical motion on command and has (generally) a small electric 
motor as a prime source of power. 

So we may understand what we want it to do and, thus, why itis 
built the way it 1s, let’s consider the problem at hand before we 
construct the device. 

The first and most important controlis steering. This means we 
want at least three positions of the steering wheels or rudder and be 
able to send a particular command for each one. The three positions 
are, of course, left, nght, and neutral. 

The second most important control is the ability to start and 
stop the model at will, which represents two more commands. 

It’s possible, however, to simplify this system. If we construct 
Our servo so that, in the absence of signal, it will always return to 
neutral automatically, we have, as far as remembering the command 
goes, eliminated it. It 1s sent (in this case the absence of a signal 
represents a command), but we just don’t worry about it. Whenever 
we release the button switch, the model goes straight. 

For the left and nght commands, we use pulses. If we depress 
the keying switch and hold it down, the model will go, say, left. If we 
release the keying switch, the model goes straight. Now to make the 
model go right, we press the keying switch, release it, then depress 
it again and hold it down. Try this code with a light connected to the 
relay of your receiver. One flash is left, a flash off and then a flash on 
is right. The final command is a modification of the first—a very quick 
press and release—a short of “blip.” This last command stops the 
drive motor. 

How to we start the drive motor? That command is Just like a 
signal for left. A press and release at about the same speed as the 
command used for left, but not a “blip.” It may seem confusing, so 
let’s build the unit now and, as we operate it, it will become much 
clearer. 

The parts we need are a small motor (the 3- to 6-volt-type found 
in any hobby shop), a worm gear and a pinion gear. These can 
generally be found at a shop selling model trains. Just make certain 
the worm gear will fit the shaft of the motor as indicated in Fig. 8-8. 
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We also needa piece of light tin (in the model shown, a coffee can was 
used) and a small piece of ¥%-inch plywood for a base. 

The first step is to mount the motor, worm gear and pinion gear 
as shown mn Fig. 8-8. The two angle brackets holding the shaft of the 
pinion gear should be made of heavier material than the coffee-can 
tin— we do not want them to bend in operation. After mounting, 
make sure that the motor turns the gears easily and without binding. 
The spur gear is fastened tightly to its shaft. (Only one angle bracket 
is shown in Fig. 8-1 since the photo was taken during assembly). 

The next step is to construct the three cams and the contact 
fingers according to the template of Fig. 8-9 and, finally, mount them 
on the base and shaft as shown in Figs. 8-10 and 8-11 Note in Fig. 
8-11 that the shaft wiper contact and the crank (which actually moves 
the steering element) are shown. In this figure you can also see the 
spacing between the cams. This 1s not critical so long as the three 
cam wipers do not touch each other. 

The cams must be positioned as shown in Fig. 8-9, and, as we 
discuss the wiring, we will refer to them as: A, the neutralizing cam; 
B, the left-nght cam; and C, the drive-motor control cam. 

The wiring 1s quite simple. One lead from the motor (on the 
right in Fig. 8-9) connects directly to the shaft wiper. To this same 
motor terminal we connect one side of a .01F capacitor. The other 
motor terminal connects directly to the battery’s plus terminal and 
the other lead from this capacitor. The battery to be used will depend 
on the size of the motor. Check your dealer or parts house for the 
battery you need. 
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Now let’s see how the basic servo operates. If the cams are 
correctly positioned on the shaft (they are soldered toit so they turn 
when the shaft turns) and the relay is not energized, the electrons 
will want to go from the minus terminal of the batteries to the plus 
terminal. So, starting at the minus termial (battery No. 1) the 
electrons can go to the relay armature and through the normally 
closed (NC) contact of the armature to cam wiper 1. Since this is a 
battery (direct current, that is), the electrons cannot go throgh the 
capacitor and they stop. The circuit is incomplete and nothing hap- 
pens. 
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Fig. 8-7. A model race car with two servos, receiver, and batteries. 
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Fig. 8-9. Template for constructing the three cams and four contact fingers 
shown in Fig. 8-1. 





Fig. 8-10. Cams and contact fingers mounted on shaft and base. 


the cam-A indentation breaks the circuit to cam wiper 1. The crank 
has turned a full 270° more and is now back to its original starting 
place—the neutral steering position. 

To turn the crank 270° from this neutral position and stop, 
giving us the “right” steering position, use the code given previous- 
y: Press, release and press, and hold the keying switch closed. This 
has to be done with the nght rhythm because this is what shou 
happen: When we press the first time, the electrons flow through 
the relay (as previously described), wiper 2 and cam B. The motor 
Starts turning. When the first indentation of cam B breaks the circuit 
to wiper 2, if our rhythm is correct, we will have released the keying 
switch so the electron flow 1s transferred to Cam A through wiper 1 
to keep the motor going. Now as soon as the first indentation of cam 
B has passed wiper 2, we have again depressed the keying switch, 
once more transferring the electron flow to wiper 2 and so, as the 
second indentation breaks the circuit here, the motor will stop. The 


elevates 





Fig. 8-11. Closeup of cams and contact fingers mounted on base shows spacing 
between cams. Note the little crank on the right side, used to move the steering 
element. 


shaft will have rotated a full 270°, and the little crank will be to the 
right. 

This will take a little practice and you may have to readjust the 
positions of the cams to have the motor stop with the crank in the 
positions specified. You may have to add a small drag or friction wire 
pressing against the motor shaft (as descnbed in the next chapter) to 
prevent the motor from coasting past the broken-circuit positions. 
You may also have to reduce the battery voltage applied to the motor 
to prevent continuous rotation. These are adjustments best done by 
experimentation so we leave those details to you. 

Assuming now that you have the steering part working as it 
Should, examine the motor start-stop action. This involves cam C. 
As shown in Fig. 8-9, cam wiper 3 rests against cam C. The 
electrons from the drive-motor battery (battery No.2) can go 
through the wiper, the cam, down the shaft, out wiper 4 and the line 
to one side of the drive motor. They won’t go anywhere else because 
they want to get back to their own battery. They go through the 
drive motor and back to the plus side of their battery (battery No. 2) 
and so the drive motor runs. 

Now, if we send the “blip” mentioned earlier, the steering-motor 
circuit 1s momentarily completed through wiper 2, but only 
momentarily —just long enough for the shaft to rotate a very small 
amount, causing the indentation of cam C to break the circuit to the 
drive motor. At this time, the receiver relay armature is back 
against the NC contact but the shaft of the motor didn’t move far 
enough to close the circuit between cam A and cam wiper 1. What 
happens? The drive motor stops, the steering motor stops and the 
model stops. 

To start the drive motor, use the code given previously: De- 
press the keying switch for a longer time and release. The cam shaft 
will make a complete revolution, stopping when the circuit to cam A 
is broken—but, at this stopped position, cam C does make contact to 
power 3 and the drive motor runs. Try it. Adjust the cam if neces- 
sary so this does happen. It will take a little practice to get the 
rhythm, but once you do, you have mastered the basic method of 
radio-controlling a model car or boat. I do not recommend this servo 
for model aircraft. 


CONSTRUCTING A MORE ELABORATE SERVO 


Our first servo was the simplest possible and somewhat limited 
in power. We will construct a more elaborate single or dual type 
which has had application in a model aircraft for rudder and motor- 
speed control. 
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mutator. Note the capacitors for arc suppression mounted directly 
across the motor terminals in Fig. 8-13 and, in all three figures, note 


as shown in Fig. 8-14. This type of cam is referred to as a com- 
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Fig. 8-14. Dual-unit servo uses a single plate with cutouts instead of individual 
cams. Note the positioning of this type of cam, known as a commutator. 


the neat method of using small plugs to connect the unit into the 
battery and receiver circuitry. This is an excellent idea and should be 
used with all radio-control components (receivers, etc.), so each is 
readily removed for inspection, servicing, testing or use in other 
models. 

Refer to Fig. 8-15 for templates and details of mounting. The 
components are mounted on the 1/16-inch base plate as shown. The 
gears (a Pittman reduction unit available at most hobby shops) come 
with shafts that are easily cut to the proper length. Mount the gear 
train first and make certain that all gears turn easily by hand. Now 
mount the motor, and again make certain there is no binding. Con- 
nect a battery to the motor and run it, checking to see that all gears 
move freely and easily after being firmly anchored to the base plate. 

To make the commutator, cut a metal disc from tin or brass 
stock and cement it firmly to the face of a fiberboard disc as shown in 
Fig. 8-14. Don’t worry about alignment at this time. We can adjust 
the little cranks (center of Fig. 8-14) after everything else has been 
constructed and adjusted. These cranks are made from tin drilled 
and soldered to small collars which can be screwed tightly to the 
shafts. The three holes in the cranks allow a variable amount of 
movement of the steering element. The hole farthest from the shaft 
will give the greatest amount. 

The commutator is mounted either by soldering the metal disc 
to the shaft or by soldering it to a collar and then tightening the screw 
to hold it fast to the shaft. The contact arm (or wipers) can be made 
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Fig. 8-15. Template (not to scale) and details of the dual-type servo. The Pittman 
gear train is a reduction unit obtainable at most hobby shops. Check the gears 
through a complete revolution to make sure they do not bind at any point. 


(Courtesy Flying Models Magazine) 


by tracing the pattern in Fig. 8-15 onto a sheet of beryllium copper 
.Q05-inch thick. Bend these wipers and also the base mounting tab so 
the arm leans down 30° from the vertical. Clamp these contacts in 
place on the baseboard so they connect to theecommutator. Drill 
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Fig. 8-16. Pictorial wiring diagram of dual-type servo. 


through their bases and the base plate simultaneously. Make certain 
these wipers do not touch each other. Mount them with small 
screws and check the tension against the commutator disc. They 
should be firm and tight, making a good wiping contact. 

If the wipers are mounted as a single unit, you can separate 
them by sawing through the mountings with a fine-toothed metal 
saw. 

Here is how the command code works: one pulse and hold 
(depress and hold)—the shaft turns 90°. Release, and the shaft 
returns to neutral. Two pulses and hold (with the correct rhythm) — 
the shaft moves to 180° and stops. Release, and it returns to neutral. 
Three pulses and hold—the shaft turns 270° and stops. Release, and 
it returns to neutral. This is the same as for Fig. 1-6. 





Fig. 8-17. Schematic diagram of dual type servo. 
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Fig. 8-18. General sequence of operation, showing commutator cam in tts 
various positions. 


A small spur on the commutator will be under motor-speed 
wiper C when the commutator has turned 180°. Refer to Fig. 8-14 
and note that this little projection 1s closing the switch mounted just 
in line with the commutator. (The motor-speed wiper C can be 
mounted in line with the other wipers, as in Fig. 8-15, or to one side 
as in Figs. 8-13 and 8-14). Wining diagrams are shown in Figs. 8-10 
and 8-16. Figure 8-9 is a pictorial; Fig. 8-17 is a schematic. 

Either of two methods can be used: closing an auxiliary circuit 
when the code (press, release, press and hold) 1s transmitted, or 
keeping this auxiliary circuit energized. The latter method might be 
used if a second motor with a large gear train controlled the drive- 
motor speed. However, you must realize this auxiliary circuit would 
be energized each time the steering servo completes a cycle. There 
are ways to avoid that, and we will leave the contact in place although 
we may not use it now. Later on, when we*talk about full- and 
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half-speeds and reversing the drive motor, we will show how such an 
auxiliary contact can be used so this auxiliary circuit will not operate 
unless we specifically command it. 

Figure 8-18 shows how a small brake can be made to ride on one 
of the pinion gears to prevent overtravel. It also shows the general 
Sequence of operation related to the positions of the commutator 
cam. 


RELAYS 


It may be of interest to know that Allied Electronics (401 East 
8th St., Fort Worth, Texas 76102) stocks a wide variety of relays for 
control. In fact they include some integrated-circuit relays using a 
magnetic reed which are small and self contained. So, 1f you want to 
find a relay for use in any of our circuits, we suggest you contact 
them. 
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9g 
Model Aircraft 





We have already learned that nowadays the common radio-control 
equipment for model aircraft is the digital simultaneous-proportional 
multichannel type exemplified by that shown in Fig. 9-1. 

There are many types of this equipment and most of it is good 
and does what it is supposed to do if you have done your part keeping 
it clean, the battenes charged, within temperature tolerances, etc. 
So, with this in mind, let us now examine some airplane models 
which we find at the flying fields and think about them and the 
installation of radio-control equipment in them. Figure 9-2 shows a 
relaxed picture of a Sunday fly-in at a local field, and, believe me, it’s 
a fun place to be. 

Meantime, of course, where are the airplanes? They are on the 
sideline waiting their turn to take to the air. A few of them, in one 
grouping—not all pilots want to be in the same place at the same 
time—are shown in Fig. 9-3. 

What is interesting about this picture is the type of aircraft 
shown. These are essentially the flying models of model airplanes. 
They are not scale but are primarily designed for just the purpose for 
which they are used—to fly with radio control. They are rugged and 
strong and usually always come from kits. 

Speaking of kits, we were interested in where kits come from 
and so contacted Sig Manufacturing Company to ask about this. We 
obtained Fig. 9-4, which shows the endless bins of balsa parts used 
to make up the kits and one lady in the process of assembling these 
pieces in one of the packing boxes. Yes, most airplanes nowadays 
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Fig. 9-1. Cannon multichannel digital radio control system. 








ze 


it Das be Bl 


os 
“ 
eS 
ao 
‘, 
% 
te 
3 
. 


= 
a 





ld 


ie 
de cho 


in at a local f 


A relaxed Sunday fly 


g-2 


Fig. 


ize 


f style and type ands 
You can even get prefabbed 


Ice © 


wl 


and you have a 
rica 
lanes so that all you have to do 


’ 


come from kits 


* 


fion 


and color and method of fabri 


airp 


to the field and fly them 


IS go 


RULES OF THUMB ABOUT AIRCRAFT 


+) 
p& 
mH & 
coe 
os 
a 
aS OO 
OO” 
am = 
"api te 
Go 
23 
= 
= 
SCS ©, 
-« & 
oO wo 
oO *K 
nO wo 
a 
peed 
cm 
4 wo 
ty 
S 
wo 
ee 
nv 
q V 
ag 
4 
Ss. = 
s &Y 
vs 
ep) 
~ HY 
Va 
dy 
_ 
oO 
Ps 
>} 


6 


5 and 9- 


. 9- 


& 


igs 


F 


In 


waar 
er gna le 


ss 
Se 
: 


ef 
A 
Fe ee ON 





In 


ine at local fly 


de | 


Model! planes on si! 


9-3 


Fig 


tease 


oa e 
ee en 
ips 
Do ec htt 
aera 
at ase 


ate ea 
0 


CAR) 
eee 


ot 
Os 
6 


oN 
e 
Be 


OE 
Oe eS 
a) 
C 
pO 
SR 


Une 
t 
Oi 


é 

4 
"2 
— 


Js’: 


eee Te ans 
bees! 


oe 


ond 


aa 





Notice that the Colt is more an approximation of the real 
airplane than the Kadet, which is a slow-flying, very-stable, easy- 
to-construct model. The Kadet does not have ailerons, and this 
simplifies the radio-equipment installation. The Colt does have aile- 
rons and is slightly more advanced, but is easy to fly. Another, 
more-advanced plane is the Kavalier shown in Fig. 9-7. 

While we have chosen these three examples to show you, 
please realize there there are many other manufacturers who also 
produce fine kits, and so the ultimate choice will be yours, and you 
will make that choice depending upon what you like to see as a 
model, the type construction used, the recommendations of other 
fllers at the hobby field, and you own past experience. 

If we were to move to another aircraft seen at times at model 
flying fields, we might categorize these as Sunday Fliers. These are 
the funny models which do fly and perform quite well in the air, but 
are often the subject of amusement or incredulity when seen on the 
ground. Some such aircraft may be just a small box to mount the 
radio, servos, and motor, anda single- or dual-spar boom to keep the 
tail section in place. Sometimes they have names like Ugly Stick etc. 
You get the idea? But they do fly, are considered “quickies” to 
assemble, and pose no great loss if they crack up. Sometimes they 
are the beginning point in this hobby, and there 1s much to be learned 
from flying them. 

Then there are the beautiful scale-model airplanes, usually the 
envy of everyone around, models such as in Figs. 9-8 and 9-9. They 
can be duplicates of almost any big aircraft, even the multiengine 
747s or bombers. 

Yes, these are more difficult to fly and are not recommended for 
a beginner unless he has an experienced flier to start him off proper- 
ly. As you know, modern digital equipment can have a buddy box 
which permits the learner to fly while the instructor holds the master 
box. He can take over anytime the student is in trouble. Usually, 
however, the pilot takes off and flies the airplane to altitude and 
makes sure it will fly and tries to get the bugs out of trim and control 
and so on and then the student may take over and fly while the plane 
is upstairs. When sufficiently proficient, the student may try landings 
and finally takeoff maneuvers, and so the probability of a crash is 
drastically decreased. Much time, care, and patience goes into the 
beautiful results we have shown. Much care and precaution in flying 
these 1s usually evident. 

The satisfaction of creating and building such scale aircraft 1s its 
own reward. It is a pleasure to show them to friends and guests and 
to relate the flying capabilities and experiences. Try it. 
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Now the next category probably is the pylon racer. These are 
ultraspecial aircraft flown only by the most daring, quick-reacting, 
and far-sighted modelers. This group of pilots 1s a special breed who 
knows engines, fuel, airplanes, and equipment better than most 
anyone else. They fly their fast (up to 175 mph) models around 
spaced pylon towers in racing events sure to cause gasps of amaze- 
ment (and worry). 

We show some pylon racers and discuss them in our book 
Advanced Radio Control, TAB book No. 122. If you are interested in 
this aspect of model flying we invite your attention to that work. 

Finally we might say that the last group is model aircraft already 
put together, or most all put together; and so you have little to do to 
make them fly. Some of these come complete with radios 1n them. 
Others require that you make the installation. This might be a way to 
try the hobby if pressed for time or you don’t like to fabricate models. 
You can just fly and have fun. 

So you see there is a model aircraft for everyone, and even with 
the kits, some modelers like to add a little here and a little there, to 
adjust and change, making the design his own. That, too, 1s fun, and 
you learn a lot about aeronautics when you do this, and you can’t get 
far off because you probably have started with a flying airplane to 
begin with. When you have been in the fun contests (see Flying 
Model Airplanes and Helicopters by Radio, TAB book No. 825) you 
will imagine some changes to make in your own model to make it do 
better what the judges have decided you must do during the contest. 
Try it, you'll like it. 

Some good rules-of-thumb in selecting a model are: Weigh the 
equipment you plan to install in the model, including the battenes. 
Note how much this is in ounces. Look over the models, select one 
and note its weight in ounces (usually specified on the box). Add the 
two weights. Now determine the wing area (width times length) in 
Square inches divide this by 144 to convert to square feet. Divide the 
total ounces by the number of square feet. If this figure is less than 
14, the model will be suitable; if the figure 1s over 14, then don’t try it 
if you are a beginner. Choose another model. 

This 14 means that the wing loading is 14 ounces per square 
foot of wing area. A loading of 12 ounces 1s better if you live at high 
altitudes, say 7,000 feet, or you might use 17 ounces at sea level. 

Now for the motor size. This is recommended by the manufac- 
turer of the model or kit, but we also have a rule-of-thumb that works 
quite well: 1 cubic inch displacement for each 200 ounces of model 
weight. Thus, for a 4-pound airplane (model plus equipment): 
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4 x 16 = 64 ounces and 64/200 times 1 gives a .32 engine. You 
could use a so-called 29 or 35 motor. 

The propellers should be large and of low pitch; lengths of 10, 
11 or 12 inches are common. The pitch may vary from 3 to 5 inches. 
Pitch means how far the propeller would go per revolution if it were 
screwed into a solid substance. 

We might generally list the features we would want as: 


1. Large enough cabin space to accommodate our equipment 
(Fig. 9-1) and easy access to this equipment once installed. 

2. A wing large enough that the wing loading is 14 ounces per 
square foot of wing area (or very close to that figure). 

3. Good dihedral (the V bend to the wing) and a high-wing 
type—these contribute to the model's flight stability. 

4. Astrong tail wheel high enough off the ground that the tail 
surfaces won't be damaged on normal “one-wheel”’ land- 
ings. 

5. A strongly-constructed wing that withstands warping and 
the strain of violent maneuvers. (We may not command 
these, but sometimes the model gets into them on its 
own!) 

6. A good strong nose section that can withstand “noseover’’ 
landings. 

7. Alanding gear strong enough to withstand landings without 
damage to itself or the model. 

8. Large enough wheels that they won't dig in on ground 
takeoffs or landings. 


BUILDING THE MODEL 


Examine Figs. 9-10, 9-11. 

Follow the plans. Use silk, nylon, or monocote for the covenng. 
Use a good strong glue. The ultra-quick-drying kind usually results 
in a model that won't last. Use a glue that penetrates the wood 
before it dries, making a very strong bond. Use the recommended 
type. 

Make absolutely certain there are no warps in the wing or tail 
structures before you cover them. Lay the wing on a flat board, 
holding one end up slightly, and see if it’s warped. If necessary, 
break the glue joints and do it over. Don’t try to fly a model with 
warped wings. 

In covering, keep the grain of the cloth parallel to the leading 
edge of the wing. If you cross-grain, warping will result as the dope 
dries. 
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After constructing the wing, balance it. This is done by setting it 
ona straightedge running crosswise to its center and adding weights 
to the tips (if necessary) to get as perfect a static balance as possible. 


RADIO INSTALLATION 


With modern equipment the receiver has its antenna already 
attached. It is usually a flexible strand of wire, but sometimes a rigid 
piece like piano wire. In any event, do not shorten or lengthen this 
antenna. It is very critical in length and must not be changed. Do not 
double it back on itself in the body, and keep it away as far as possible 
from all rods, machinery, radio gear, etc. as possible. It 1s common 
to run it out of the cabin and back to the top of the tail, allowing any 
excess to trail loosely back out in space behind the rudder. Make 
sure It won't tangle in the rudder, however. 

There are many ways in which the radio equipment can be 
placed in the model. Most kits show a recommended installation 
right on the plans. One installation we made using the Logictrol 
equipment is shown in Figs. 9-12 and 9-13. 

In models in which the appearance of the antenna may mar the 
beauty of the aircraft, the antenna 1s kept inside the body or run along 
one corner under the silk, nylon, or monocoat covering. It can be 
hidden just so long as you keep it straight and do not change its 
length. It might even be placed in a wing. Use a tiny, but positive 
connector to connect it to the radio. But do not corner under the sik, 
nylon, or monocoat covering. It can be hidden just so long as you 
keep it straight and do not change its length. It might even be placed 
Ina wing. Use a tiny, but positive connector to connect it to the 
radio. But do not cable it into the aileron servo cables or any other 
cables in the installation. Keep it separated. 


ADJUSTMENT AND TESTING 


Of course your kit instructions generally give you this kind of 
information. Check them out and be sure they do include this. But in 
general here 1s what goes on after the model 1s built and the radio 
installed. 

You have now covered the fuselage with silk or nylon or 
monocoat, and you have installed the linkages as well as the escape- 
ment. We can now begin preliminary tests and make initial adjust- 
ments, so that when we install our radio-control equipment and 
make that first flight (that’s the one we sweat out!), the chances of 
success will far outweigh those of failure. 
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Since we have chosen a model capable of carrying a reasonable 
payload, if we glide-test it without the payload it should just about 
float through the air. We plan to do this and expect no damage, even 
if the first few glides are not perfect. However, the first step is to 
locate the center of balance. 

Fasten the wings and tail surfaces in place according to the plans 
furnished with the kit. Mount the motor and wrap it with a piece of 
cloth or plastic to keep our dirt. Do not put on the propeller. Now 
locate the center of balance. For this, ask a friend to help. Each of 
you will take a wing tip. Hold the model with one finger and move it 
along the end of the wing until the body of the plane 1s horizontal. 
Make certain that the wing is not on crooked. Check by measuring 
with a string from the tip of the tail to the rear corner of each wing tip. 
The distance should be the same. The model should balance at about 
one-fourth to one-third of the wing width back from the front (lead- 
ing) edge. [fit doesn’t, add weight in the payload compartment until 
it does. Mark this line of balance across the top of the fuselage with a 
pencil. 

Now take a 12-inch length of good heavy twine. Tie one end toa 
hook set into the body exactly in the center of the width of the 
fuselage at the point where the leading edge of the wing crosses the 
fuselage. Make a second fastening just behind the wing, also in the 
center of the width of the fuselage. You will now be able to raise the 
model by this string and, using a hook placed just above the front- 
rear balance line, adjust its position until the model is level. Note the 
side balance. Does one wing end to drop? If so, add weights to the 
high wing until the model is balanced on its longitudinal axis. The 
model 1s now ready for the test glide. 

Pin the movable surfaces so they are exactly in line with the 
fixed portion. Select a day when there is as little wind as possible. 
Grasp the model just behind the balance point underneath the cabin. 
Hold it up just higher than your head. As you run forward, you'll feel 
it begin to lift in your hand. Now, push it forward toward a point on the 
ground about 50 feet ahead and let tt go. 

The airplane should glide down toward this point in a smooth, 
flat glide. If it doesn’t, 1t may try to climb and then suddenly drop; it 
may veer sharply or graudally to the nght or left; or it could drop 
very sharply with no glide. 

If it tends to rise and then drop, raise the rear edge of the wing 
and place about a 1/16-inch piece of balsa underneathit. Try it again. 
If it still “balloons,” use another strip. 

If it tends to drop sharply, raise the leading edge, using the 
Same procedure. If it should veer somewhat sharply to either side, 
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Fig. 9-9. Sig. P-51 Mustang 


* 


SE 
SS 





Fig. 9-10. Position the model pieces directly onto the plans. 


check the position of the wing to make certain it is on straight. Check 
the horizontal part of the tail assembly to make certain it is level. If 
these are okay then remove the pin holding the rudder in place. 
Repin it so the rudder has an angle of about 10° from the fixed part, 
and is turned in the opposite direction the model tumed. Test again 
and adjust the rudder until the model glides straight. 

If you find this takes an excessive amount of rudder, say 30° or 
so, check the wing for warps and the vertical tail surface for mis- 
alignment with the center fuselage line. Do not try to fly your model 
under power until you get a good straight glide. The model may not 
float in the glide, but this is all right as long as the glide is straight and 
reasonably flat (on a flat glide, the model would go straight down the 
line from your eye to that point 50 feet ahead on the ground). Never 


try to throw the model either up or straight ahead. Push it, and 
always toward that same point on the ground. 

There are two schools of thought on this phase of testing a 
model. One says “fly it, the control will take care of possible trou- 
ble.”” The other says, “test glide it, there’s enough to do to fly it 
without asking for trouble.” I agree with this second point of view. 

Even if the model is damaged in the test-gliding phase, damage 
will always be slight compared to a full-powered crash. 

Now that the model has been checked without the radio re- 
ceiver and batteries, install them and maintain the same balance. Put 
heavy sponge-rubber cushion around the receiver or foam in some 
installations. This not only prevents damage to the radio equipment, 
but also protects it from trouble due to motor vibration. If you 
test-glide the model now, the glide will be steeper and faster due to 
the increased weight. That’s all nght so long as it is straight. After 
you complete the first test-glide phase, run the motor and send 
signals to make certain the equipment operates satisfactorily with 
the motor running. In case of vibration trouble, check all connec- 
tions. If you have a bad cable joint, it will come apart during this 
phase of testing. 

The best method of connecting the batteries to the switch and 
the receiver is by soldering all wires. 

Now we're ready to fly! Choose a low-pitched propeller (3-to- 
4-inch pitch) 10 to 12 inches in diameter (the kit will recommend 
one). Make certain that the motor has some “down thrust’’ ...that is, 
the line of the motor shaft should run back to a point as high as the tail 
surface and about three inches to the right, as we look at the model 
from the nose. This offset to the nght is called side thrust. Now rev 
up the motor, making sure it’s running smoothly and steadily. Put 





Fig. 9-11. Make wiring strong and eliminate warps. This SIG Kadet has an easy 
to assemble fuselage. 
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Fig. 9-12. Aradio installation, the forward servo controls the throttle and the two 
push rods going to the rear are for rudder and elevator control. The two servos for 
R and E are in the same package with the receiver making a neat and simple 
installation. Note cables going to batteries which are forward and underneath 
this installation. 


the model on a smooth runway if possible and let it go, headed into 
the wind. It may take off nght from the ground. Try this first 1f you 


can using the philosophy that if it takes off, 1t will fly correctly. 
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Fig. 9-13. Nose wheel and throttle linkage. Some details of the nose wheel 
Steering push wire which is attached to the rudder servo arm, and some details of 
the throttle control push wire. 


If it doesn’t take off, then launch it exactly as you did in the 
test-glide phase. Try to let it gain at least 75 feet of altitude before 
you send a signal, unless the model turns so sharply that you think 
it’s going to dive in. Then, of course, send a corrective signal 
(remember all that practice!) Keep it circling around you until the 
motor fuel is exhausted (you will have put in only 2 minutes worth of 
fuel), then circle around and land into the wind. 

We should mention that it is now customary to fly the mode 


right off the strip. Since you have engine control and have checked it 
out by taxung around the concrete or whatever, you can get the 
model into position, advance the throttle, and let it gain full speed. It 
will take off, or you might have to give it Just a little up elevator, but 


be careful. Get an expenenced pilot to help you at this stage. 


10 
Radio Control of Model Cars 





There is a lot of fun and high degree of skill when you radio control 
your model racer in a sporting event. Like model-airplane Sunday 
flying, this is to be found almost everywhere nowadays, especially in 
the mall parking areas of cities. Of course school grounds, parks or 
anywhere that you can get a relative smooth surface will do for these 
big events. 

Not only can you radio control a racer, but you can also have 
realistic tank battles, in which the tanks might fire projectiles or 
launch rockets. Or you might haul items with model trucks, and 
through a more elaborate radio-control system, load and unload 
cargo. Naturally you will want lights, brakes, door openings, horns 
and so on in your model vehicle; this makes a lot of fun in the 
construction and imagination and working out of the control 
capabilities. 


CAR KITS 


It is possible to find almost any kind of car kit and finished cars at 
toy stores, model shops, and hobby-supply houses. Prices range 
from $7 or $8 for a very simple little electric-powered model to as 
high as $500 to $800 for a scale-model racer with just about every- 
thing. Of course these prices include the radio-control equipment 
and all accessories. 

We won't try to give you all there 1s to know about model cars in 
this chapter. We already have seen some cars in the chapter on 
Servos; we will expand on that to show you how you might build a 
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Fig. 10-1. The basic pulse-control system for model cars. 


simple model car, use it with a radio-control system constructed 
from circuits previously given, and then show you Just a little of the 
model-car racing world as it now exists. In Model Radio-Control, we 
go into model cars in much more detail, an expansion of information 
found here; so, if this be your pleasure, take a look at that work. 

Model-car racing and control is a big sport. There are national 
events with them just as there are with airplanes and boats, although 
car events are not as well known. If you investigate through your 
hobby shop, dealers, or supply houses you can find out the location 
and time of these events and perhaps participate. Meet the challenge 
of the other race drivers and equipment. See if you can return home 
with one of those priceless trophies. 
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A BASIC MODEL-CAR SYSTEM 


Now, let’s look at some pictures to see how we would control a 
model car—a racer or sporty town car. Examine Fig. 10-1. 

The output of the receiver 1s connected to a relay (or the 
receiver relay is used) to pulse the voltage from two batteries to the 
steering motor. This motor is geared down and has a centering 
spring; it works just like the systems explained earlier in this book. 
Notice, however, that two microswitches with long lever arms are 
used. One will be actuated when the tone is sent continuously 
because the pin on the driven gear will depress its lever. The other is 
actuated when the tone is not being transmitted. 

When a tone is sent continuously, the on microswitch (No. 2 in 
Fig. 10-1) is closed. It in turn operates a stepping relay of, say, four 
contacts (available from many radio parts houses) that is cyclic in 
operation. The ON tone starts the drive motor, and it keeps running 
while steering (pulsing) is transmitted. To stop the drive motor you 
simply send the On tone again. Further, the next time you send the 
full On tone, the drive motor starts, but this time, 1f you’ve wired the 
circuit suitably, the motor runs In reverse so you can back up. The 
next ON tone gives OFF again, and the one after that cycles the 
system back to forward drive. Thus you will cycle through these 
operations (see Model Radio Control TAB No. 74): 


lst on—forward 
2nd on—stop 
3rd on—reverse 
4th on—stop 
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Fig. 10-2. A simple forward-run and steering system. 
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Fig. 10-3. A system for a commercial-type servo. 


and then the cycle repeats. You can get a four-contact stepper relay 
by specifying it by this description from radio-parts houses. 

In Fig. 10-1 you can see also how the steering motor is con- 
nected to the front-wheel linkage by two small metal triangles that 
have axles soldered to them, and a slotted T-plate in which the 
steering-motor pin (B) is fitted. The two microswitches are 
positioned so their levers are moved by pin B when it Is rotated to 
the 90° position in either direction. 
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Fig. 10-5. A modern racing model being fueled. 


A SECOND SYSTEM FOR MODEL CARS 


This system, Fig. 10-2, is really a little simpler than the first 
one. Only the radio receiver and a couple of relays are required. 

When you send a pulsing signal to the model, the time delay on 
relay A keeps it closed as long as pulses are being received, causing 
the model to go forward. Relay B will pulse in step with the receiver 
relay; as it pulses, it applies a reverse voltage to the steering motor. 
(This relay must be a double-pole double-throw type, or two single- 
pole double-throw relays wired in parallel as indicated.) So when a 
pulsed tone signal is received the steering motor steers according to 
the width—spacing idea. 

You can use any of the pulse-width-pulse-spacing devices de- 
scribed earlier. You can then start the model, by starting the pulsing, 
steer the model by varying the pulse width and spacing, and stop the 
model by stopping the pulsing. Notice the switch in the relay-B line. 
Turn this switch off immediately when you stop the pulsing, other- 
wise you run the battery down. The steering motor can be the same 
as described in Fig. 10-1. A pulse-width-spacing transmitter and 
receivers are made by Ace R/C. 


A SYSTEM USING A STEERING SERVO 


This system requires that you transmit one of the following 
types of signals for control; a series of narrow pulses, widely spaced 
for steering right; a series of wide pulses, narrowly spaced for 
steering left; full tone for drive motor forward, and no tone for drive 
motor off. 

When you close the drive-motor switch at the transmitter, the 
tone is transmitted continuously because the steering level switch 
(Fig. 10-3) has connected both the large and small segments of the 
rotating pulser-arm unit together. When you push the steering lever 
to the right, the circuit to the large segments (metal plate) opens so 
that the only time the tone is sent is when the rotating arm is on the 
small metal tabs. If the steering lever is moved in the opposite 
direction (left), the circuit to the tabs is opened and the tone 1S 
transmitted only when the arm is on the wide metal-plate segments. 

In the model, the pulse causes relay A (Fig. 10-3b) to close and 
remain closed (because of its time constant). Thus the model's 
model drive motor operates as soon as a continuous or pulsed tone is 
received. When narrow pulses are received, relay B also closes, but 
relay C does not because of its delay circuit, consisting of RK and the 
20- to 50-F capacitor across its winding. This means the voltage 
from the battery will be routed to one servo terminal (see Fig. 10-4). 
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Fig. 10-6. Rear view of model car. 


When wide pulses are transmitted, both relay B and C will close 
Gf you adjust R properly) and thus the voltage from the battery is 
routed to the second servo connection. Now you have left steering. 
When a constant one is transmitted, the receiver relay 1s closed 
against contact 2 (Fig. 10-3b) so that only relay A is energized. Also, 
since the deenergized position of relay B connects the voltage to the 
neutral terminal of the servo, the result when a continuous tone 1s 
transmitted 1s that the model runs straight ahead. Here, again, you 
will want to incorporate a switch so you can disconnect the batteries 
when the model is not operating and avoid running them down. This 
is a sSlower-acting system, but it is simple and great fun to use. 

Make a mental note that most toy automobiles have a little 
transmitter which 1s hand held, and they use a small receiver in the 
model which usually has a small relay as part ofits construction. You 
might get one of these and use them in the system just descnbed. 
Most regular radio-control systems available nowadays do not have 
relays as their output element. You need to obtain one to use with 
such systems as the Wee-1 single channel transmitter and receiver 
available from Ace R/C, or use one from a toy model as we have just 
mentioned. The difference between the two will be that the Wee-1 
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uses a tone, and has good range and Is available on all R/C frequen- 
cies, the toys are usually carrier operated, have a limited range and 
are available only on the Part 15 FCC frequencies which also have 
other services operating on them. 


THE MODERN RACING CAR 


In Fig. 10-5 we see an example of the modern racing model 
which was exposed to view inside in the chapter on servos. Notice 
the glo-plus battery to the nght. Benches are near the automobiles 
because the electric-starting machines for these models require 12 
volts to operate. Fuel has a high degree of methane for power. The 
radio-control equipment is two channel digital proportional. Controls 
are steering, throttle, and brakes. 

The wide-track tires, gearing to the drive wheels, muffler 
exhaust, and the aerodynamic plate which holds the aft end down to 
the track are seen in Fig. 10-6. 

The racing was held on this event in a shopping mall parking lot, 
and believe me, what a crowd gathered to witness the dnver’s skill 
and, of course, crashes etc. It is very nice to know that anyone, from 
as young as can understand the steering wheel control to as old as 
can hold the transmitter, can participate in these events. Due to the 
different spot frequencies, there are usually from two to six cars 
running at the same time in an event. 

Yes, it takes some mechanical skill to put a car together and 
keep it going, just as with the big ones. In Fig. 10-7 you see a typical 





Fig. 10-8. The winner! . 
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tool box from the veteran race-car driver. In the foreground is the 
engine starter. It is an electric motor with a friction drive output 
which 1s held against the rear wheel of the racer until the engine in 
the car (a glo-plug type) starts running properly. The meters on the 
left measure batteries levels and amperages used when the system 
is activated. Batteries are ni-cads, which have a long life, as they 
only operate the radio and servos. They can be recharged at home or 
even from the car battery if you make or purchase the charger to do 
this. A roll of paper towels is used to wipe the cars clean, just as you 
do with airplanes, as the exhausts spew forth oil when running. The 
large bottle is fuel. It may be specially mixed by the knowledgeable 
modeler, or it may be purchased. A type is usually recommended by 
the model-engine manufacturer. Finally, in Fig. 10-8, you see one 
car (incidentally this was the winner of this event) coming down the 
track at full speed, under perfect control. The driver had completely 
out distanced the other three in the race and had the home stretch all 
to himself. He was 14 years old! Of course Dad, Mom, and Sis 
helped with the preparation of the car prior to race time. What a nice 
pit crew. 


Zed 





Radio Control 
Of Model Boats 


Is there anything more beautiful and graceful than a sailboat heeling 
before a gentle breeze as it skims through the water, responding to 
your slightest command? Figure 11-1 shows a gorgeous boat, cour- 
tesy of Dumas Boats, Tuscon, Ariz. Figure 11-2 shows it again, turn 
completed tacking along a course that will lead it into open water. 


Radio-controlling model sailboats is a real challenge, because 


you not only have to master the radio commands and system opera- 
tion, but you must also learn how to sail. There is more to it than Just 
turning a rudder: You have mainsheet and jib to control. Sailboating 
may be new to some of you, so I'll list a few important points: 
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1. You cannot sail your boat directly into the wind. The 


closest is an angle of about 45° to the direction of the wind 
(Fig. 11-3). 


. When sailing close hauled (at 45° to the wind), most of the 


driving force is provided by the lower pressure on the back 
of the sail. The shape of the sailis an airfoil, like an airplane 
wing, so it’s important to keep the wind flowing smoothly 
over the sail. If the jib 1s trimmed properly (positioned at 
the proper angle to the wind), it will increase the velocity of 
the air over the back of the sail and thereby increase the 
pull of the sail. If you sail too high into the wind (turn the 
boat too far into the wind), the sail will /u/f (flutter) along 
the mast because the wind 1s striking both sides. To stop 
luffing, head the boat downwind until luffing stops. 
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Fig. 11-1. Star-Class sailboat making a turn. 


3. To come about (sail with the wind coming over the other 
side of the boat), have the boat close hauled (Fig. 11-3) and 
moving well. Turn it sharply into the wind and hold the 
rudder until the sail starts to fill on the other side, then 
return the rudder to center. To sail into the wind, first sail 


close hauled on one side, then come about and sail close 


ing —z\gzagging 


lled tack 


the wind. If the boat is balanced properly, with the 


center of the wind pressure on the sail slightly to the stern 
of the center of pressure of the water on the keel, the boat 
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Fig. 11-2. Star-Class sailboat on a straight run at an angle to the wind. 
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Fig. 11-3. Pointers on wind and sailing. 


thing to remember is to set the sail so you get the largest 
force driving the boat forward (line AD in Fig. 11-4). 


If the sailis trimmed too tightly, you will use much of the force in 
tipping the boat or driving it sideways (line AC) instead of driving it 
forward. If the sail is out too far, it will not present enough area for 
the wind to push on and you won't get maximum forward thrust. You 
must keep adjusting the sails for the wind conditions and the course 
you want to follow, or adjust them for the course and wind and then 
use the rudder to keep things under control. This means you want to 
radio-control the mainsheet and the jib as well as the rudder (and 
perhaps an auxiliary electric motor just in case of trouble). Figure 
11-5 shows how the sail radio-controls are placed in the hull and how 
the mainsheet and jib are connected to the runners. 

The servo for this equipment consists of an electric motor 
driving a lead screw along a track. There are two such units, one for 
the main sheet and one for the jib. The control-cord arrangement 
(Fig. 11-5, lower photo) insures that the lines will not hang loosely 
and get tangled. When the hatch is closed the opening is slight 
enough and centered enough so that the boat will not ship water even 
if it lists rather sharply into the wind. The construction plans for such 
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Another type installation—which uses a two channel brick digi- 


boats, included in kits, have complete radio-control installation 1n- 
tal radio to operate the rudder and a switch which in turn controls a 


structions, just as radio-controlled model-airplane kits do. 


EQUIPMENT AND INSTALLATIONS 
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Fig. 11-4. The force relationships of wind on sails. 
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Fig. 11-5. Sail-control equipment in a sailboat. (Courtesy Dumas Boats 


motor-driven gear train which, in turn, turns an arm which controls 
the main sheet and jib simultaneously—is shown in Fig. 11-6. 

Of course you will want this installation below deck or provided 
with a good water-tight plastic cover to keep spray and waves out of 
the equipment. The radio antenna may be run up the mast, if it is not 
aluminum. Note the information concerning the routing of the an- 
tenna in the diagram. If the mast is aluminum, be careful it 1s not a 
multiple length of the frequency you are using or a submultiple 
length. You might have to route the receiver antenna forward along 
the jib sheet to keep it away from the mast if the mast absorbs too 
much energy. Of course since the mast is insulated from the deck by 

astic fittings, it might also be a good source of re-radiated energy. 
You just have to try it out and see what location 1s best. 


Let’s examine that auxiliary mainsail and jib control mechanism 
a little closer through Fig. 11-7. You see that the switch to control 
the rotation of the motor, shown in Fig. 11-8, 1s moved to forward or 
reverse rotation position by means of the linkage to the radio-control 
servo. To stop the sail motor at either extreme, the two micro- 
switches, operated by the shaped cam on the output shaft, open the 
battery circuit at the limits of travel; so you have here either one 
setting of the sails or a second setting of the sails and no position 
in-between. If the DPDT switch were on with a middle off position, 
then, by juggling the servo arm position carefully through radio 
control, you could set the sail at different positions between the 
extremes of travel, and when such positions were reached you 
would cause the servo arm to put the DPDT switch in the off 
position, removing battery power. 

In some installations, Fig. 11-9, you will note how the use of 
airplane-type servos are used to control the sails and rudder in a 
sailboat. In this case the tur limiting feedback potentiometer was 
removed from one servo motor so that it would run continuously ina 
forward or backward direction. Then limit switches, such as the 
microswitches just discussed, were added to keep the motor from 
tightening up so much that it would break the strings. A drum-type 
wheel was added to the servo output shaft to wind up the sail cords, 
and the owner hada system so he could position the sails to any point 
within the maximum and minimum limits established by the limit 
microswitches. The radio equipment was housed inside plastic 
boxes, as well as being sealed in the hull when the cover was bolted 
down against its rubber seal to insure that water would not damage 
the equipment or cause faulty operation. Notice the mainsail cord 
coming up just aft of the hatch through a tight grommet. 

But sailboats are not the only craft which lend themselves to 
radio control. A beautiful boat that always attracts attention 1s shown 
in Fig. 11-10. This model can have lights, various speeds forward 
and reverse, and, if you are skillful at using radio-control 
mechanisms, a device for launching the lifeboat. You might also add 
winches, which you can run to let out “fishing line,” and then reel in 
your “catch.” Don’t hook too large a fish however. There are lots of 
fun possibilities with this kind of model, as you can control many, 
many things on and init. Then, too, 1t always looks nice on a fireplace 
mantel in the den or in some other location in the house. 

Another model, which is easy and fun to control, is shown in 
Fig. 11-1. It is complete and ready to sail if you don’t want to spend 
the time building a boat. So this, like the model airplanes which are 
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ARM TO PULL 
SAIL CORDS. 
= AND JIB CORDS. 
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Fig. 11-7. The wiring and sail control mechanisms. (Dumas Boats) 


ready to fly, is also ready to use when you put the radio installation in 
it. The motor is already mounted. | 

Speaking of boats, we show you in Fig. 11-12 the relative size of 
a model yacht compared to its proud owner, Mr. R.B. Balderidge of 
Bayshore, Texas, a fine friend who contributed se much to our boat 
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. The sail comes down for transport. Note the long 


slender rudder which is moved by radio. When you steer such a 
vessel, you use both rudder and maneuvering of the sails. It’s a real 


challenge 
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Fig. 11-8. The sail powering motor. (Courtesy Dumas Boats) 
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Fig. 11-12. Sail boater Balderidge and his model. 
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Fig. 11-13. SK Daddle speedboat powered by a McCoy 60 engine. (Courtesy 


Dumas Boats) 
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Fig. 11-16. Water cooling intake. (Courtesy Dumas Boats 





Fig. 11-17. Speedboat radio installation for digital radio equipment. Hatch is 
sealed watertight. 
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Fig. 11-18. Radio installations in motor-powered model boats. 
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small boats, and with currently available equipment, which is small 
and compact and light, the actual space required and water displace- 
ment will be less than for these boats; see Fig. 11-18. 

Remember always to wrap your boat equipment in plastic or put 
it in watertight containers. Water is very corrosive to radio equip- 
ment. Some boaters have even thought of sealing the radio sections 
in plastic. But, in any event, make your seals tight, your connections 
firm and strong, and keep all connections bright and tight. Then you 
should have no trouble, and you'll love sailing or racing or just sport 
“fishing” with your boating models. And it’s nice also if it’s hot and 
the water is fine—you can always go swimming with it! 
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12 


An Early 
Digital R/C System 





We include the diagrams to an early system because many are still 
appropriate to the R/C systems of today. If you, like ourself, love to 
look over circuits which have been proved successful with an eye to 
modification or updating, then you will like the circuits that follow. 

This was an early digital system that went under the name of its 
developer—a wonderful fnend of ours—Howard Bonner. It was 
called the Bonner Digimite System. So we include it for your infor- 
mation, background, use, and development as you see fit. We 
always find its circuits of value, and if you did construct the whole 
system, it would work fine for you just as the modern systems do. Of 
course we would be remiss not to point out that getting all the parts 
for this system might be more difficult then getting a good modern 
digital radio control system kit. The Bonner Digimite System is no 
longer manufactured. 

Figure 12-1 shows the relative size and components of the 
four-channel system. 

Figure 12-2 shows the eight-channel transmitter with the au- 
xilary panel modification added at the top. 

The circuit diagram of the receiver and the decoder unit is 
shown in Fig. 12-3. A superheterodyne receiver is used to feed the 
multivibrator gating system, which decodes the digital pulses into 
control signals. The receiver incorporates a fail-safe circuit and a 
voltage regulator. 

Figure 12-4 shows the circuit for the servo unit. A pulse 
amplifier feeds transformer T1, which in turn drives the transistor- 
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Fig. 12-3a. The Digimite receiver and decoder. This is the eight-channel unit. 


So we come to the end of this book a little sadly. I always enjoy 
going over new developments in radio control. I hope my explana- 
tions have helped you understand them. I tried to include every 
important type of circuit and technique, and more than one example 
of the most important ones, so you can use this volume as a refer- 
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LETTERS G-M 

INDICATE CONNECTIONS 
TO SIMILARLY LETTERED 
POINTS IN FIG. 12~4 
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Fig. 12-3c. The Digimite receiver and decoder. Continued from pages 246 and 
247. 


ence. [ included projects from the simplest to the most complex so 
that anyone at any stage of radio control could find something 
understandable and, hopefully, suited to his taste. I included “quic- 
kies” for those who like to experiment but don’t want to make a big 
project out of it, and some projects large enough that you could 
spend as much time as you liked in development: 
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Fig. 12-5. b and c. The Digimite transmitter and coder. Continued from page 250 
and continued on pages 252, 253 and 254. 
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Fig. 12-5f. The Digimite transmitter and coder. Continued from pages 250, 251, 


252, and 253. 


I might suggest that this volume be used as a textbook for 
courses In radio control. It contains explanations as well as “labora- 
tory exercises.” Finally, the book has material in it which I think ts 
useful to everyone interested in citizens band, radio-amateur com- 
munications, and communications in general. Happy flying, boating, 
Car racing, or whatever. 
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